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Foreword 


This  monograph  is  the  result  of  the  revision  of  the  book  titled  Antennas 
for  Main  Shortwave  Radio  Communications,  published  in  1943. 

The  new  book  was  written  with  an  eye  to  the  considerable  progress  made 
in  the  past  in  the  engineering  oi  shortwave  antennae.  This  monograph  pre¬ 
sents  a  great  deal  of  material  on  antennas  which  were  virtually  unused  at 
the  time  the  first  monograph  was  published.  Included  among  such  antennas  are 
broadside  multiple-tuned  antennas  and,  in  particular,  broadside  antennas, 
with  untuned  reflectors  (Chapter  XII),  traveling  wave  antennas  with  pure 
resistance  coupling  (Chapter  XIV),  logarithmic  antennas  (Chapter  XVI), 
multiple-tuned  shunt  dipoles  (Chapter  IX),  and  others. 

The  materials  on  rhombic  antennas  (Chapter  XIII)  have  been  expanded 
substantially.  Included  are  data  on  rhombic  antennas  with  obtuse  angles 
(150°),  as  well  as  a  great  many  graphics  on  the  directional  properties  of 
antennas  which  take  the  parallel  component  of  the  field  intensity  vector 
into  consideration.  The  question  of  the  superposition  of  two  rhombic  antenna 
on  a  common  area  is  discussed,  as  are  other  questions.  A  new  chapter  on 
single-wire  traveling  wave  antennas  (Chapter  XV)  has  been  added,  as  has  a 
new  chapter  (Chapter  XVII)  on  the  comparative  noise  stability  of  various  re¬ 
ceiving  antennas.  Other  materials  not  contained  in  the  first  monograph  are 
included  here.  At  the  same  time,  much  of  the  material  which  is  no  longer 
current  has  been  deleted. 

’Ay  coauthor  for  Cha. ter  XIII  (rhombic  antennas)  was  S.  P.  Belousov. 

My  coauthors  for  Chapter  XIV  (single-wire  traveling  wave  antennas) 
was  written  by  S.  P.  Belousov  and  V.  6.  Yampol'skiy.  Chapter  XVH  (com¬ 
parative  noise  stability  of  receiving  antennas)  was  written  by  L.  K.  Olifin. 
The  section  on  transmitting  antenna  selectors  (#4,  Chapter  XIX)  v*ts  written 
by  M.  A.  Shkud. 

The  graphics  and  computations  for  broadside  multiple-tuned  antennas 
were  taken  from  the  work  done  under  the  supervision  of  L.  K.  Olifin,  for  the 
most  part . 

The  graphics  for  computing  the  mutual  impedances  of  two  balanced  di¬ 
poles  with  arbitrary  dimensions,  contained  in  the  handbook  section,  were 
compiled  under  the  supervision  of  S,  P.  Belousov. 

I  express  my  appreciation  to  all  the  coauthors  named. 

I  feel  that  it  is  my  duty  to  express  »y  deep  appreciation  to  L.  S. 
Tartakovskiy  and  Ye.  G.  Pol’skiy  for  the  great  help  given  me  in  selecting 
the  materials  and  in  editing  the  monograph.  1  also  express  my  thanks  to 
V.  G.  Ecrin  and  I.  T.  Govorkov  for  their  great  help  in  selecting  the  materials 
for  the  monograph. 


wn.acra  *■%,*  wsevisb*.-  •- 


I  also  feel  that  1  roust  express  my  thanks  to  G.  N.  Koehershevskiy, 
the  responsible  editor,  for  the  great  assistance  rendered  in  editing  the 
manuscript,  as  well  as  for  ouch  valuable  advice  given  roe. 


G.  Z.  Aysentaerg 
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List  of  Principal  Symbols  Used 

A  vector  potential 

B  magnetic  induction;  suscept&nce;  flux  density;  induction  density; 
magnetic  flux  density 

C  capacitance;  capacity;  permittance;  capacitor 
C  linear  capacitance 

A  8 

c  velocity  of  electromagnetic  waves  in  a  vacuum,  c  “  3*10  meters/aecond 

a,b,c  sides  of  a  spherical  triangle;  arbitary  constants 

A,B,C  arbitary  constants 

D  antenna  directive  gain;  antenna  front-to-back  ratio 

D  electromotive  force  directive  gain;  electromotive  force  frcnt-to-back 


D  electrical  displacement,  k/m  ;  dielectric  flux  density 
D  distance  between  -conductors 

d  distance  between  dipoles;  conductor  diameter 

E  electric  field  intensity,  volts/aeter 

e  electromotive  force  (eraf),  volts  .  * 

F  surface 

F(cp 6)  antenna  radiation  pattern  formula 

F(a)  vertical  plane  antenna  radiation  pattern  formula 

F(cp)  horizontal  plane  antenna  radiation ’ pattern  formula 

f  oscillation  frequency,  hertz 

G  conductance,  mho 

G^  linear  conductance,  mho 

H  magn;tic  field  intensity 

H^,H  difference  in  dipole  heights;  dipole  height  , 

h  height  of  dipole  above  the  ground 

I  electric  current,  amperes 

I  loop  current  amplitude 

loop 

I.  ,1  incident  and  reflected  waves  of  currents  • 
m  re 

I.  ,1  ,  loop  and  node  currents 

loop  node  2 

j  current  volume  density,  amperes/meter 

k  traveling  wave  ratio 

L  inductance,  henries 

L^  linear  inductance,  henries/meter 

;  line  length;  conductor  length;  length  of  an  unbalanced  dipole; 

length  of  half  a  balanced  dipole 

l  antenna  effective  length 

efi 

M  mutual  inductance,  henries 

linear  mutual  inductance  of  coupled  lines,  henries/meter 
n  number  of  half-wave  dipoles  in  a  tier,  SG  or  SGD  antennas 
n^  number  of  tiers,  SG  or  SGD  antennas 
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P  actual  power 

p  feeder  line  reflection  factor)  arbitary  constant 

PyjPj  voltage  and’current  terminator  reflection  factors 
q  amount  of  electricity,  charge,  coulombs 
R  pure  resistance,  ohms 

R^  linear  impedance  of  uniform  lines,  ohms/meter 

R  radiation  resistance 

E 

R  mutual  radiation  resistance  of  n  and  m  dipoles  in  an  antenna  system 
nra 

|R|ji  modulus  of  reflection  factor  for  a  parallel  polarized  plana  wave 

IrJ  modulus  of  reflection  factor  for  a  normally  polarized  plane  wave 

r  radial  coordinate  in  a  spherical  sytitem  of  coordinates 
S  Poynting  vector  ■* 

T  alternating  current  oscillation  period 
t  time 

U  voltage;  difference  in  potentials;  volts 

U., ,U  incident  and  reflected  waves  of  voltage 
ih’  re 


U,  ,U  loop  and  node  voltages 

loop  node  • 

Y  voltage  across  points  on  a  conductor;  volume 

v  electromagnetic  wave  velocity,  meters/second 
W  characteristic  impedance  of  a  lossless  line 
W  characteristic  impedance  of  the  medium  • 

X  reactance 

X  reactive  component  of  the  mutual  radiation  resistance  of  two  dipoles, 
n  and  m 

Y  admittance 

Y^  linear  admittance  of  a  line  ,  • 

Z  impedance 

Zx  linear  impedance  of  a  line 

x,y,z  rectangular  coordinates 

z  coordinate  along  the  axis  of  a  cylindrical  system  of  coordinates 

Z  equivalent  impedance 

Z.  input  impedance,  Z.  =  R.  +  iX. 
in  in  in  in 

Z  ,,Z_  line  impedance 
load’  2 

a  phase  factor  (wave  number),  a  ■  2n /\ 

8  attenuation  factor 

Y  propagation  factor 

(y,3,Y  angles  of  a  spherical  triangle 

Yv  specific  conductivity,  mhos/ueter 
A  tilt  angle 

6  relative  noise  stability;  energy  leakage  power  ratio 
e  permittivity  of  the  medium,  farads/meter 

Sq  permittivity  of  a  vacuum,  »  1/4tt*9*10^  farads/meter 


x,y,z 
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relative  permittivity 
e  antenna  gain  factor 
Tj  efficiency 
T)^  antenna  efficiency 

0  zegith  angle  in  a  spherical  system  of  coordinates}  the  angle  formed 
by  the  axis  of  a  conductor  with  an  arbitrary  direction 
X  wavelength,  meters 

pi  magnetic  inductivity,  henries/meter 

pi^  magnetic  inductivity  of  a  vacuum,  *>  4m  10  henries/meter 

pi  relative  magnetic  inductivity 

p  characteristic  impedance  of  a  line  with  losses;  electric  volume 

density 

cr  linear  electric  density 

}  magnetic  flux;  half  a  rhombic  antenna  obtuse  angle 
§11  argument  (phase)  for  the  reflection  factor  for  a  parallel  polarized 
plane  wave 

§  argument  (phase)  for  the  reflection  factor  for  a  normally  polarized 

1 

plane  wave 

cp  scalar  potential 

cp  the  azimuth  in  a  cylindrical  or  spherical  system  of  coordinates;  the 
azimuth  of  antenna  radiation  patterns 'in  the  horizontal  plane,  read 
from  a  selected  direction  (the  axis  of  the  antenna  conductor,  or  the 
normal  to  the  axis  of  the  antenna  conductor) 
phase  angle 

uj  oscillation  angular  frequency,  «■  2nf 
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THE  THEORY  OF  THE  UNIFORM  LINE 


#1.1.  Tomography  Equations 

The  theory  of  long  lines,  which  are  systems  with  distributed  constants, 
like  the  theory  for  systems  with  lumped  constants  (circuits)  can  be  ba,„-<'d 
on  Kirchhoffs  laws.  However,  the  conclusions  drawn  from  circuit  theory 
cannot  bo  applied  directly  to  long  lines. 

Circuit  theory  is  based  on  the  following  assumptions,  and  these  are  not 
applicable  to  long  lines: 

(1)  a  circuit  consists  of  spatially  dispersed  elements  in  which  electric 
or  magnetic  fields  are  concentrated.  Electric  field  carriers  are  usually 
condensers,  while  magnetic  field  carriers  are  usually  induction  coils; 

(2)  currents  are  identical  in  magnitudes  and  phases  at  any  given  moment 
in  time  within  the  limits  of  each  element  (induction  coils  or  condensers). 

This  assumes  that  the  time  needed  to  propagate  the  electromagnetic  processes 
within  the  limits  of  an  element  is  so  short  that  it  can  be  ignored  when  com¬ 
pared  with  the  time  for  one  period. 

These  are  not  rigid  assumptions.  Even  in  circuits,  every  element  which 
is  an  electric  field  carrier,  say  a  condenser,  is  simultaneously  a  magnetic 
field  carrier  to  some  extent.  A  magnetic  field  carrier,  say  an  induction 
coil,  is  also  an  electric  field  carrier  to  some  extent  (a  shunt  capacitance 
for  the  coils).  Nor  is' the  second  assumption  rigid. 

However,  in  ordinary  circuits  the  magnetic  fields  created  around  con¬ 
densers,  and  the  electric  fields  created  around  induction  coils,  are  extremely 
weak.  And  the  time  required  to  propagate  the  electromagnetic  processes  within 
the  limits  of  each  element  in  the  system  is  usually  short.  As  a  result,  the 
conclusions  based  on  the  assumptions  indicated  are  justified  as  a  first 
approximation.  1 

Neither  the  first,  nor  the  second,-  assumption  is  applicable  to  long 
lines.  Every  element  in  the  line,  however  small  it  may  be,  is  a  carrier  of 
an  electric,  as  well  as  of  a  magnetic  field.  Figure  1.1.1  is  included  for 
purposes  of  illustration  of  what  has  been  said  to  show  the  propagation  of 
electric  and  magnetic  lines  of  force  through  the  cross  section  of  a  twin 
line.  Line  dimensions  are  usually  sufficiently  large,  and  the  propagation 
time  for  the  electromagnetic  processes  along  the  lines  is  commensurate  with 
the  time  of  one  period.  But  if  we  cannot  apply  the  laws  governing  the  pro¬ 
cesses  in  circuits  to  the  line  as  a  whole,  they  can  be  applied  in  their 
entirety  to  a  small  element  of  the  line  which  can  be  considered  to  be  the 
sum  of  such  elements.  Each  element  in  tho  line  can  be  replaced  by  an  equi¬ 
valent  circuit  consisting  of  inductance  and  capacitance  (fig.  1.1.2). 
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Correspondingly,  the  line  as  a  whole  can  bo  replaced  by  an  equivalent  circuit 
consisting  of  elementary  inductances  and  capacitances,  as  shown  in  Figure 
X. 1.3a.  Since  tne  line  conductors  have  pure  resistance,  and  since  there  is 
leakage  conductance  between  them,  the  complete  equivalent  circuit  for  the 
line  is  as  shown  in  Figure  I. 1.3b. 


1 


Figure  1.1.1.  Structure  of  the  electromagnetic  field  through 
the  transverse  cross  section  of  a  twin  line. 


"X 


C,da 


Figure  1.1.2.  Line  element  equivalent  circuit. 


Figure  1.1.3.  Equivalent  circuit  fo»"  a  line:  (a)  without  impedance 

and  leakage  conductance  considered;  (b)  with  impedance 
and  leakage  conductance  considered. 


Telegraphy  equations  are  based  on  Kirchhoff*s  laws  for  the  formulation 
of  the  relationships  uotween  current  and  voltage  applicable  to  an  elementary 
section  of  a  line  replaced  by  equivalent  inductance,  capacitance,  resistance, 
and  leakage  conductance.  Solving  the  telegraphy  equations  will  provide  the 
relationships  for  the  entire  line. 


Q 


Figure  I..  .4.  Schematic  diagram  o'  an  t  id-loaded  lino, 


Ihe  concept  of  distributed  onstanta  for  '.he  line  ia  introduced  for 
analytical  convenience: 

F,  is  the  inductance  per  unit  line  length; 

C,  the  capacitance  per  unit  line  Jeng:h; 

is  the  resistance  per  unit  line  ler.o'ni 
is  the  conductance  per  unit  line  lenath. 

Telegraphy  equations  are  derived  as  follows.  Let  Us  say  we  have  a  long 
line  (fig.  1.1.4),  ana  let  us  isolate  an  infinitely  small  element  of  length 
dz  at  distance  z  from  the  termination.  The  isolated  element,  dz,  has  in¬ 
finitely  small  inouctance  dL,  capacitance  dC,  resistance  dR,  and  conductance 
dG.  They  equal 


JL  —  I-idz 
dC  =  Ctdz 
dR  =  Rtdz 
dG  —  Gtdz 


(1.1.1) 


The  voltage  drop,  dU,  across  element  dz  is  equal  to  the  current,  1, 
flowing  through  it  multiplied  by  the  element's  impedance)  that  is 


dU  1  ( dR  +  ia>dL)  —  I  {R%  *t*  * mL^dz  *=*  /Z,dz, 


(I.i.2) 


where  ' 

oj  is  the  angular  frequency  o.‘  tr,o  /oltage  applied  to  the  line,  while 

Zi  =  f\  f  iwLj.  • 

Dividing  both  sides  of  the  equation  by  dz,  xe  obtain 


The  expression  for  the  change  in  the  current  i lowing  in  element  dz  can 
be  derived  in  similar  fashion* 

The  change  in  the  current,  dT  flowing  in  element  dz  is  equal  to  the 
current  shunted  in  the  capacitance  and  the  conductance  of  this  element. 

This  current  is  equal  to  the  voltage  multiplied  by  the  element's  im¬ 
pedance;  that  is 


<il  a  U  {dO  -j-  lindC)  =  U  (C/j  -J-  iioC  jdz  =>  UYidz, 


(1.1.4) 


KA-UUO-OO 


XU 


where 


Yi  *=  C?|  +  s 

Dividing  both  sides  of  the  equation  by  dzt  we  obtain 


2L~UYX.  . 

dz 


(1.1.5) 


Equations  (X.1.3)  and  (1.1.5)  ere  col  led  telegraphy  equations.  They 
establish  the  association  between  the  voltage  and' the  current  at  any  point 
in  the  line. 


#1.2.  Solving  the  Telegraphy  Equations 

(a)  General  expressions  for  voltage  and  current 
In  order  to  solve  the  telegraphy  equations  they  are  transformed  so 
each  contains  only  U  or  1.  When  the  equations  are  differentiated  with  respect 
to  z  they  take  the  following  form 


=  2  dl_ 
dz ‘  =  1  dz 

<Pt  dJL 

dz ‘  =  1  dz 


(1.2.1) 


Substituting  the  values  for  dU/dz  and  dl/dz  from  1.1.3  and  1.1.5  in 
(1.2.1).,  and  converting,  we  obtain 


<PU 

dz •  * 


■ZXYXU~  0 


*L-ZxYxl 

dz* 


(1.2.2) 


Ihe  differential  equations  at  (1.2.2)  have  the  following  solutions 

♦ 

u-  **• +*•"*!.  (x.2.3) 

/  =  /Ije’1  +  BxcTv 

where  A  ,  A  ,  B  and  B  are  constants  of  integration, 

}  2  X  dt 


'(=VZ,Y~x~yr(Rx-{-U*Ll)(Gx+iu>Cx)  (1.2.4) 


Here  y  is  the  wave  propagation  factor; 

3  is  the  attenuation  factor; 
cr  is  the  phase  factor. . 

Let  us  substitute  the  solutions  found  in  equation  (1.1.3)  in  order  to 
determine  the  dependencies  between  A  ,  B^  and  A2<  B^.  We  then  obtain 


(1.2.5) 


1 

*  *  | 

t 

? 


KBJrijfAS*-  skv^™  *&9*»  *z*fi*TiV%%*"**  v  vtgFitr*!*^****  v 


■Tl 
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The  equality  (1.2.5)  should  he  satisfied  identically  for  any  value  of  z. 
Thic  can  only  be  ac>  if  the  terms  with  the  factors  o^Z  in  the  right  «tnd  left 
hand  sides  are  equal  to  each  other.  This  applies  as  well  to  the  terms  with 
the  factors  e  ^ Z  in  the  right  and  left  hand-sides.  Accordingly!  we  obtain 
two  equations 


n  B\ 

IS%  - L  j 


(1.2.6) 


where  the  symbol  introduced 


.  _  1 /£i  I /  gt  +  1  u  ti 

P  ~  V  Ff  V  0,  +  UC, 


(1.2.7) 


is  called  the  lino's  characteristic  impedance.  (See  Appendix  l). 

Substituting  the  values  for  A  and  B  from  (1.2.6)  in  (1.2.3)!  we  obtain 

Ct  Ct 


U  =  /ij  e1*  + 

/  -  y  (/i,  en  -  Z)le~,‘) 


(1.2.8) 


We  will  use  the  conditions  at  the  termination,  that  is,  at  the  point 
where  z  =  0,  in  order  to  determine  the  constants  of  integration. 

Let  us  designate  the  voltage  and  current  at  the  termination  by  and 
I2«  Substituting  z  =  0  in  (1.2.8)  and  solving  with  respect  to  A^  and  B^,  we 
obtain 


/1,=  ~ (Ut  +  It?) 
0i=  —  ((/»— V) 


(1.2.8a) 


Substituting  the  values  for  A^  and  B^  in  (1.2.8),  we  can  present 
formula  (1.2.8)  in  the  form 


U  —  (/,  cli  72  /,  (*  sh  -fi 

/  =  /,  cli  f  z  +  sh  7Z 
f 


(1.2.9) 


(b)  Expressions  for  voltage  and  current  in  high-frequency  lines. 

The  ideal  line. 

At  high  frequencies  and  >  G^.  Therefore,  when  making 

engineering  compucations  it  is  often  possible  to  approximate  a  line's  charac¬ 
teristic  impedance  as 


(1.2.10) 


The  characteristic  impedance,  W,  is  a  real  magnitude  when  and 
are  disregarded. 


'  '  *  -*  AmS Unsafe-  -  V-v  ^ 


*w>i*r**  p** 


1 


i 


i 

i 

i 
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Replacing  P  in  (1.2.9)  with  V,  we  obtain 


(/  n  i/ach7Z  -r  /»U7ahY* 

/  =  /iCh7Z-t-^-.sh7.z 


(1.2.11) 


It  is  sometimes  preferable  to  use  approximate  formulas  in  analyzing 
short  lines  in  order  to  simplify  the  calculations.  These  formulas  are  de¬ 
rived  on  the  assumption  that  ■»  &  0.  And  y  ■  i<y,  while  the  expressions 

for  voltage  and  current  take  the  form 

U  =»  (i  jcosiz  -f  i/jW'siniz  ] 

I  «=  /.cosnz  -f  i  —  sinaz  i  (1.2.12) 

5? 


A  lossless  line  is  called  an  ideal  line. 


# 1 .3 .  Attentuation  Factor  g ,  Phase  Factor  p>,  and  Propagation  Phase 
Velocity  v 

Squaring  the  right  and  left  hand-sides  of  equation  (1.2.4)  and  equating 
the  real  and  imaginary  components  to  «ach  other  respectively,  we  obtain  two 
equations,  from  which  we  determine  that 


*V'U'-3®+Y['+m'+G;n 


?  =  -VGxld-. 

4  2 


t(f  +  0',?) 


d.3.1) 

(I,3.2> 


where 

X  is  the  wavelength  in  free  space.  t 

If  line  operating  conditions  are  such  that  we  can  take  **  0,  than 


-t1/t[1+/1  +  (^)> 

« 

A  Bi 
p  =»  - — ■. 
r  2V 


If  RA  =  ^  E  0,  then 


*s 

8=1  'l 


(1.3.3) 

(1.3.4) 

(1.3.5) 


P  =  0. 

Substituting  the  expression  for  y  from  (1.2.4)  in  (1.2.8),  we  obtain 


{/  «  +  B i  e-t,,+u,) 


(1.3.6) 
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As  will  be  seen  from  (1.3*6),  the  voltage  and  current  amplitudes  at  any 
point  in  the  line  have  two  components.  The  first  of  these  (with  the  co¬ 
efficient  )  decreases  with  decrease  in  z;  that  is,  as  a  result  of  approach¬ 
ing  the  termination.  The  second  (with  coefficient  D^)  increases  as  the  ter¬ 
mination  is  approached.  Moreover,  the  closer  to  the  source  the  first,  com¬ 
ponent  is,  the  greater  the  phase  lead,  but  conversely,  the  closer  the  second 
component  is  to  the  source  the  greater  the  phase  lag. 

What  follows  from  what  has  been  pointed  out  is  that  the  first  component 
is  a  voltage  and  current  wave  propagated  from  the  source  to  the  termination 
(incident  wave),  while  the  second  component  is  a  voltage  and  current  wave  * 
propagated  in  the  opposite  direction  (reflected  wave)(fig.  1.3.1). 

Propagation  of  these  voltage  arid  current  waves  occurs  at  a  velocity  de¬ 
termined  by  the  phase  factor  a.  Let  us  find  the  absolute  magnitude  of  the 
wave  propagation  phase  velocity  on  the  line,  From  formula  (1.3.6)  it  will 
be  seen  that  when  wave  passage  is  over  a  segment  of  length  z  the  phase  win 
change  by  angle  q>,  equal  in  absolute  magnitude  to 

|  <p|  “  (1.3.7) 


Figure  I. 3.1.  Distribution  of  amplitudes  of  incident  and  re¬ 
flected  waves  on  a  line. 

A  -  incident  wave;  B  -  reflected  wave. 

On  the  other  hand,  the  phase  angle  can  be  expressed  in  terms  of  the 
propagation  phase  velocity.  In  fact,  let  the  wave  be  propagated  with  constant 
phase  velocity  v.  Then  the  phase  angle  obtained  as  the  wave  passes  over  a 
path  of  length  z  will  be  equal  to 

<f.r=2lCy  (1.3.8) 

where 

T  is  the  time  of  one  period; 

t  =  z/v  is  the  time  needed  to  cover  path  z  at  velocity  v. 

Equating  the  right-hand  sides  of  equations  (1.3.7)  and  (1.3-8),  we  obtain 


R A-006-G8 


Expressing  T  in  terms  of  tne  wavelength  in  free  space,  X, 
propagation  rate  in  free  space  by  c,  and  tr.en  substituting  'f  « 
tain 


and  cho 
X/ c ,  we  oo- 

(1.3.9) 


where 

Q 

c  =  3*10  meters/second  is  the  speed  of  lignt  in  free  space. 

As  a  practical  matter,  at  high  frequencies  a  fa  2rr/X,  and,  correspondingly, 

Vfis  c. 

Recapping  what  has  been  explained  above,  we  can  describe  the  processes 
taking  place  on  a  lino  as  follows. 

The  electromotive  force  applied  to  a  line  causes  voltage  and  current 
waves  to  appear  on  it  and  these  waves  are  propagated  from  the  source  to  • he 
termination  at  velocity  v,  which  is  close  to  that  of  light,  c.  The  current 

and  voltage  waves  are  respectively  propagated  at  a  phase  velocity  close  to  , 

that  of  light,  and  the  electromagnetic  field  is  an  electromagnetic  wave. 

In  the  general  case  the  wave  is  partly  reflected  by  and  partly  dissipated 
in  the  termination  resistor.  The  reflected  w.«ve  is  back  propagated  from  the 
termination  to  the  point  of  supply  at  the  same  velocity  as  the  incident 
wave.  The  wave  is  attenuated  as  it  is  propagated  on  the  conductor.  Trie 
magnitude  of  the  attenuation  is  determined  b>  the  attenuation  factor,  and 
it,  in  turn,  is  determined  by  the  line’s  distributed  constants. 


#1,4.  The  Reflection  Factor 

The  reflection  factor  is  the  ratio  between  tae  reflectec  wave  of  voltage 

(U  )  or  current  (I  )  at  the  point  of  reflection  ar.c.  the  incidence  wave  of 
re  re 

vojtaqe  (U.  )  or  current  (I.  )  at  the  same  point, 
m  in 

As  will  oe  seen  from  (1.2.3)  and  (1.2.3a),  the  voltage  reflection 
factor  equals 


U 

pu  =  XT. 


re  £i.  k't—  /,?  __  4,  ? 

Ax  £/,  +  /»(•  fj~r  v 


(1.4.1) 


At  high  frequencies,  wlia.  p  can  be  replaced  by  V,  we  obtain 


Pa' 


z,—v  . 

Z*-rW  ’ 


(1.4.2) 


It  can  be  shown  in  a  similar  manner  that  the  current  reflection  factor 
equals 


I  'I.  =•  -p 

re'  in  - 


:.4.3) 


The  reflection  factor  pT  can  also  be  considered  to  be  the  magnetic 
field  reflection  factor;  that  is 


I 
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PI  "  Intre/Intin  "  PInt 


(1.4.4) 


where 


Int  and  Int.  are  the  magnetic  field  intensities  of  the  reflected 
re  in  ” 

and  incident  waves  in  a  transverse  plane  (lassing  through  the  end 
of  the  line. 

Similarly, 


p  ’■  E  /E.  «»  p_ 

*u  re  in  rE 


(1.4.5) 


where 


E  and  E.  are  the  electric  field  intensities  of  the  reflected 
re  in 

and  incident  waves  in  the  transverse  plane  indicated. 


■Int 


“Pb 


(1.4.6) 


The  equality  at  (1.4.6)  is  self-evident  because  the  Poynting  vector 
for  the  reflected  wave  has  a  direction  diametrically  opposed  to  that  of  the 
Foynting  vector  for  the  incident  v ave  (see  Chapter  IV). 

Let  us  find  the  numerical  values  of  the  reflection  factors  for  some 
special  cases. 


An  open-end  line  (Z^  *  <*>)  i 


00  —  p 

-  + 

1 


p  =,  — — -a.  1 

<®  +  t 

Pi- 


(1.4.7) 


A  closed-end  line  (Z^  »  0)s 


0—  t  , 

Pi-  1 


(1.4.8) 


A  high-frequency  line,  reactance  loaded  (Z^  >*  iX^)  i 


Pw 


iX,  —  V  .. 

ix,  +  i 7  •  i 


(1.4.9) 


The  absolute  value  (the  modulus)  of  Py  equals 


\P< 


+  \F« 
+  W* 


1. 


(1.4.10) 


A  line  loaded  with  impedance  equal  to  its  wave  impedance  (Z^  «  p): 


'l 


P  .  =  i - -  ta.  0. 

HU  f  +  f 


(1.4.11) 
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The  results  obtained  can  be  interpreted  as  follows. 

The  energy  fed  into  the  line  continuously  in  the  form  of  an  incident 
wave  can  either  be  dissipated  in  the  pure  resistance  installed  at  the  end  of 
the  line,  or  it  can  be  returned  to  the  source  in  the  form  of  a  reflected 
wave.  The  wave  is  fully  reflected  by  open-end  or  closed-end  lines,  as  well 
as  by  a  line,  the  end  of  which  has  installed  in  it  a  reactance  which  takes 
no  energy.  Accordingly,  the  modulus  of  the  reflection  factor  will  equal  one. 
In  this  case,  if  there  are  no  losses  in  the  line  proper,  the  energy  cir¬ 
culates  from  the  beginning  to  the  end  of  the  line  and  back,  without  being 
dissipated. 

If  the  termination  contains  pure  resistance,  or  complex  impedance,  the 
incident  wave  energy  can  be  dissipated  in  the  termination.  However,  we 
can  only  have  complete  dissipation  of  the  incident  wave  energy  when  the  ter¬ 
mination  contains  a  resistance  across  the  terminals  of  which  it  is  possible 
to  retain  that  relationship  between  voltage  and  current  created  in  the  wave 
propagated  along  the  line.  For  the  incident  wave  the  voltage  to  current 
ratio  equals  p.  As  a  result,  only  when  the  end  of  the  line  contains  impedance 
=  p  is  it  possible  to  actually  have  complete  dissipation;  that  is, 

PU  =  PI  =  °* 

If  the  termination  contains  impedance  Z  /  p,  U  /I  at  its  terminals 

Ct  Ct 

will  equal  Z^  and  will  differ  from  p.  Now  complete  dissipation  is  im¬ 
possible,  and  some  of  the  energy  is  reflected. 

-  The  reflection  factor  has  a  magnitude  such  that  the  relationship 


+  +  I  -  P  •  1  ♦  P./l  ♦  Pr 

in  re  m  re  if  i 


(1.4.12) 


is  satisfied  at  the  end  of  the  line. 

Nor  is  it  difficult  to  explain  the  sense  of  the  concrete  values  of  Pj 
and  Py  given  by  formulas  (I .4.7)- ( 1.4. 11 ) .  For  purposes  of  example,  let  us 
take  formulas  (1.4.7)  and  (l.4.8).  What  follows  from  these  formulas  is  that 
in  the  case  of  the  open-end  line  (fig.  i.5«l)  the. current  reflection  factor 
equals  (-1).  This  is  understandable  because  the  current  corresponds  to  a 
moving  charge  which,  naturally  enough,  begins  to  move  in  the  opposite  direction 
when  it  reaches  the  termination,  and  this  is  equivalent  to  rotating  the 
phase  180°.  On  the  other  hand,  in  the  case  of*  the  closed-end  line  the  charge 
continues  to  move  when  it  reaches  the  termination,  and  makes  a  transition 
from  one  conductor  to  the  other  at  the  point  of  short  circuit.  A  charge  on 
one,  let  us  say  the  upper  conductor,  moves  to  the  other  (lower)  conductor 
and,  conversely,  a  charge  moves  from  the  lower  conductor  to  the  upper  con¬ 
ductor.  The  direction  of  movement  changes  l80°  when  the  transition  is  made 
to  the  other  conductor,  naturally  enough.  A  charge  changing  direction  at  the 
site  of  the  transition  to  the  other  conductor  corresponds  to  a  reflected  wave 
of  current.  Reflected  waves  of  current  have  no  phase  jumps  at  the  reflection 


RA-008-6 8 


17 


s 

£ 

? 


i- 

? 

* 

! 

! 


site  (pj  =  l)  because  the  change  in  the  direction  in  which  the  charges  are  pro¬ 
pagated  occurs  at  the  site  of  the  -  nsition  to  the  other  conductor,  which  has 
a  current  with  opposite  phase  flow«..g  in  it  (the  currents  in  conductors  1 
and  2  have  opposite  phases).  We  can  explain  the  sense  of  the  values  obtained 
for  p^  and  p^,  given  other  conditions  at  the  end  of  the  line,  in  a  similar 
manner. 


#1.5 •  Voltage  and  Current  Distribution  in  a  Lossless  Line 
(a)  The  open-end  line 

The  current  flowing  in  an  open-end  line  is  I 2  »  0.  Substituting  *  0 
in  equation  (1.2.12),  we  obtain 


U  =>Ut  cos  « 

/  =  i  —  sin  az 
.  V 


(1.5.1) 


Figure  1.5*1  shows  the  curves  for  the  distribution  of  voltage  and  current 
on  an  open-end  line.  . 


•» 


Figure  1.5.1.  Voltage  and  current  distribution  on  an  open-end  line. 

* 

As  will  be  seen,  there  is  a  voltage  loop  (maximum)  and  a  current  node 
(minimum)  at  the  termination.  Loops  and  nodes  for  both  voltage  and  current 
occur  at  length  segments  equal  to  yj 2.  Voltages  and  currents  at  the  nodes 
equal  zero. 

The  phases  of  voltage  and  current  on  the  line  change  in  l8o#  jumps  as 
they  pass  through  a  node. 

An  electromagnetic  wave  on  a  line  characterized  by  this  type  of  current 
and  voltage  distribution,  one  in  which  phases  change  in  jumps  as  they  pass 
through  zero,  and  remain  constant  within  the  limits  of  the  segments  between 
two  adjacent  nodes,  is  called  a  standing  wave. 


(b)  The  closed-end  line 

The  voltage  acr  ss  tjie  closed-end  line  equals  zero  (U^  *  0).  Here 
equation  (1.2.12)  takes  the  form 


U  =  i  /4lV'sinazl 

/  =  /sC0Saz  f 


(1.5.2) 
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Figure  1.5.2.  allows  the  curves  for  the  distribution  of  the  voltage  and 
current  on  a  closed-end  line.  The  curves  have  tho  same  shape  as  those  for 
the  open-ended  line,  but  the  difference  hero  is  that  there  is  a  voltage 
node  and  a  current  loop  at  the  end  of  the  line. 


Figure  1.5,2.  Voltage  and  current  distribution  on  a  closed-end 
line. 


(c)  The  reactance  loaded  line 

■Substituting  -  Z2  =  iX2  in  (1.2.12),  and  after  making  the  trans¬ 

formations,  we  obtain 


where 


U  _  u  tos  (it  —  <f) 
COS  f 

/  sin  (■■?  —  ?) 

IV  cosy 

,  IF 

.  <?  =  arc  tg  —  . 


(1.5.3) 


A  standing  wave  is  formed  on  the  line  and  th.'re  are  no  voltage  or  current 
nodes  or  loops  at  the  termination.  The  first  voltage  loop  is  at  distance 


Figure  1.5.3.  shows  the  curves  for  current  and  voltage  distribution 
for  Xg  o  W(cp  =  tt/4). 


(d)  The  pure  resistance  loaded  lino 
Substituting  V&/ Ig  »  R2  in  (1.2.12),  we  obtain 

(/  =  (/,  ^cosaz  +  i  ^-sinazj 

/  = /,  ^cos  a  z  +  i  ^-sinazj 


(1.5.4) 
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Figure  1.5.4  shows  the  curves  for  the  voltage  distribution  on  a  line 
for  values  of  R2/V  equal  to  0;  0.1  j  0.2;  0.5;  1*  2;  5*  10}  «• 

The  current  distribution  curves  have  the  same  characteristics  as  do 
the  voltage  distribution  curves,  but  the  displacement  along  the  line  with 
respect  to  the  latter  is  by  segments  equal  to  l/4 

Wher.  >  W  the  voltage  and  current  loops  and  nodes  appear  at  the 
same  points  as  they  do  on  the  open-end  line,  and  when  <  V  they  appear 
at  the  same  points  as  they  do  on  the  closed-end  line. 

(e)  The  line  with  a  load  equal  to  the  wave  impedance 
Substituting  R  »  W  in  (1.5.4),  we  obtain 


U  =  (Ac 


\u 


/  =  /,e' 


>< 


(1.5.5) 


The  line  has  only  an  incident  wave.  This  mode  on  a  line  of  finite 
length,  when  there  is  no  reflected  wave,  is  called  the  traveling  wave  mode. 
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\  Figure  1.5.4.  Voltage  distribution  on  a  line  for  different 

(  values  of  R,,/W  and  *2  = 


A  -  curve  number. 


(f)  The  complex  impedance  loaded  line 

Converting  formula  (T..2.12)  and  substituting  U^/I^  “  Z,,,  we  obtain 


? 


U  =  (/j  ^  cos  a*  4*  *  sinar^ 

/  =>  /,  ^ cos  a  2  -i-  i  -^sinai^ 
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Here  the  coefficients  of  sin  tyv.  are  complex  magnitudes,  as  distinguished 
from  formula  (1.5*6;,  in  v>hich  the  coefficients  of  sin  q>z  are  imaginary. 

This  latter  indicates  that  when  z  =■.  Q  there  are  neither  voltage  loops  nor 
voltage  nodes. 

The  formulas  at  (1.5.6)  can  also  be  given  in  the  form  for  when  the  co¬ 
efficients  of  the  sines  in  the  right-hand  side  are  imaginary.  This  requires 
making  a  substitution 

4).  (1.5.7) 

that  is,  the  reading  is  not  made  at  the  terrain  c  ..,  but  at  a  point  displaced 
from  the  termination  by  distance  z^  =  cp//y  (toward  the  energy  source  side), 
where  cp  can  be  determined  from  the  relationship 


‘fi2  ?  = 


217X, 


R]-\-X]-W' 


(1.5.8) 


The  angle  2<p  is  taken  to  be  in  the  quadrant  in  which  the  sign  of 
sin2<p  coincides  w'ith  the  sign  of  the  numerator,  and  the  sign  of  cos2  cp  coin¬ 
cides  with  the  sign  of  the  denominator  in  (1.5.8). 

Substituting  (1.5.7)  in  (1.5.6),  we  obtain 


where 


U  >=  Uj  ^cos  a  zx  i  sin  a  j  Cc1' 

1  =  ^?(cosaz»  +  j  Ce’* 

_ .  2R,W _ 

Y(R\  +  4  +  rJvJ  +  (X,w)'  ~ -  ^jV(A>7~  ’ 


D  -*W  ■ 


1R,'V 


(Rl  -r  -rV>)  -  V  (/f*  r  X-  +l7*):-(2/?1I?)> 


'S2?  = 


2R.X,W* 


(«2-i-  — (/?i — jf|)  V7» 


(1.5.9) 

(1.5.10) 

(1.5.11) 
a.5.12) 


The  angle  2  y  is  taken  to  be  in  the  quadrant  in  which  the  sign  of 

si..  2  coincides  with  the  sign  of  the  numerator,  and  the  sign  of  cos  2  ^  co~ 

inoidies  with  the  sign  of  the  denominator  in  (1.5.12). 

2  2  2  2  p 

Since  (R^  *  X^  +  W  )  (2R  i*;",  as  as  will  be  seen  from  formula 

(l-5«ll)-j  0  is  real.  D  has  the  dimensionality  of  impedance.  A  comparison 
between  formula  (1.5*9)  and  (1.5*4)  shows  that  D  is  the  line  impedance  at 
point  z 1  =  0.  From  formula  (1.5.11),  D  >  W  for  any  loads  at  the  termination. 
Consequently,  the  voltage  and  current  distribution,  beginning  at  point  z^  =  0 
(that  is,  beginning  at  a  point  displaced  zQ  «  cp/a-with  respect  to  the  termina¬ 
tion),  is  the  same  as  in  the  rase  of  the  line  loaded  with  pure  resistance, 
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R0  >  W.  There  is  u  voltage  loop  at  z  «  z^.  Accordingly,  substitution  of 
o-z  =  q-z^  *  <p  results  in  the  equivalent  transfer  of  the  point  at  which  the 
reading  is  made  from  the  termination  (z  »  0)  to  the  site  where  the  voltage 
loop  is  found  (z  «  0).  ^ 

Figure  1.5.5  shows  the  voltage  and  current  distribution  for  R0  ■  X «  W. 

A  « 


Figire  I.5.5<  Voltage  and  current  distribution  on  a  line  for 


R„ 


X2  =  W* 


#1.6.  Voltage  and  Current  Distribution  in  a  Lossy  Line 
(a)  The  open-ended  line 

As  in  the  case  of  the  lossless  line,  we  obtain 
U  (/,  ch  t  z  ' 

sh7z  •; 

? 

i 

These  formulas  can  be  reduced  to  the  form 

U  =  t/j(ch?-zcosaz  +  ish  3zsin  az)  |  , 

/  =*  — (shjizcosaz -}- ich ?zsinaz)  | 


(1.6.1) 


(1.6.2) 


As  will  be  seen,  in  the  lossy  line  the  voltage  and  current  have  two 
components  90°  apart. 

Formula  (1.6.2)  can  be  given  in  the  form 


■  U  *=U2V  sli’ffz  +  cosJaz  cT(J 

/  =■ j) z-r sin* a z  e'f/' 
t  '  > 

» 

<?„=>arctg  (tli?ztg«z), 

=  arct’g(ctlipztgBz).  1 


(1.6.3) 


where 


(1.6.4) 

(1.6.5) 


_  y 
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Analysis  of  formula  (I. 6. 3)  rovoals  that  in  the  lossy  line  the  voltage 
and  current  loops  and  nodes  are  displaced  relative  to  the  loops  and  nodes 
on  the  ideal  line.  Given  below  are  the  formulas  for  computing  the  distances 
from  the  termination  to  the  voltage  and  current  loops  and  nodes  on  the 


2d  1 

X 

ZU  node 

4 ; 

2a  -M 

X 

Z1  loop 

'  -(f)* 

4  ' 

n 

X 

zi  node 

"Mir 

2  * 

where 


(1.6.6) 

(1.6.7)  . 

(1.6.8) 

(1.6.9) 


n  =  0,  lf  2,  3. . 

These  are  approximate  formulas,  based  on  the  assumption  that  3/0-  <1. 

The  voltages  and  currents  at  the  loops  and  nodes  can  be  computed  through 


the  following  formulas 


Uloop  “  (/3di?z]/l— 

(1.6.10) 

U»ode*  +  ■ 

(1.6.11) 

Iloop  J  ydl ?z]/  1—  • 

(1.6.12) 

• 

I»*,-  (A)’ 

(1.6.13) 

Here 

z  is  the  distance  from  the  termination  to  the  points  where 

U,  ,  U  ,  ,  I,  ,  and  X  ,  can  be  determined, 

loop  node  loop  node 

through  formulas  ((.6.6)  -  (1.6.9). 

They  can  be  computed 

(b) 

The  closed-end  line 

U  =  /,p  sh  7  z| 

/  =  /a  ch  7  z  J 

(1.6.14) 

The 

formulas  at  (1.6.14)  can  be  given  in  the 

form 

(/“/j?ys!il?z  4-sin*az  e'Ttf  i 

(1.6.15) 

where 

/■=» /jKsl'3?z-r  cos’az  e,f/  f 

•% 

9U=>  arc  tgfcthjiztgaz). 

(1.6.16) 

=>  arc  tg  (th  j)  z  tg  a  z). 

(1.6.17) 
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The  locations  of  the  voltage  and  current  loops  and  nodes  can  be  found 
through  the  approximate  formulas 


z  -  1 

U  loop 


2/i -f  1  _X_ 

-(if  ‘ 


n  X 


U  node  I 


H±Y 


I  loop  J  _(±\ 

V  ®  / 


rt _ _ 

?  \J  2  ’ 


1  node 


2/i-h  1  _X_ 

.  (  ?  \*  4 


(1.6.18) 


(1.6.19) 


(1.6.20) 


(1.6.21) 


The  expressions  fcr  U,  ,  U  .  ,  I,  ,  arid  I  .  are  the  same  as 
loop’  node  loop’  node 

in  the  case  of  the  open-ended  line. 

(c)  The  reactance  loaded  line 

Here,  for  convenience  of  analysis,  the  equations  at  (1.2.9),  by 
substitution 


Z2  **  U2/I2  and  *0  0  s  -PA2 


(1.6.22) 


can  be  converted  into 


cliO  . 

/  =,  y»,  —  °) 

f>  ch  8 


(1.6.23) 


In  the  general  case  0  is  a  complex  magnitude 


0  =  b  +  ia 


(1.6.24) 


Substituting  yz  *»  0z  +  i^z  and  0  =  b  +  ia,  in  the  formulas  at 
(I.6.23),  ve  obtain 


U  =3 - ^5 -  [ch  (?z— b)  cos( sz  —  a)  +  i  sh  (pz  —  b)  sin  (az  —  a)J 

ia) 

> 

/  —  — - rsh  q,  —  fy  cos  («z  —  c)  +  i  ch’(pz  —  b)  sin  («  —  a)] 

pch(6-}-ia) 

The  formulas  at  (1.6.25)  can  be  given  in  the  form 


(1.6.25) 


U  =>  ~~  /sli2  Qz  —  b)  -f  cos*  (az  —  a)  e,,(/ 

cn  fo  -f-  la) 

1  a  izjfcrui Y sh’ v*  “  « + sin’<az~^  e'p/  , 


?0.  =■  arctg  [th  (?z — &)  tg  (oz  —  a)] , 
=  arctg  [  c  th  (pz — 6)  tg  (« — a)] . 


(I.6.26) 


(1.6.27) 

(1. 6.28) 


The  magnitudes  b  and  a  can  be  determined  from  the  relationship 
th  0  =  th(b  +  ia)  =  ~p/Z„,  and  prove  to  be  equal  to 


til  2b  = 

tjf  2  a  = 


2fl 

i  -|-  /t*  -h 

_ 2/t_ _ 

!  —  A*  —  £i* 


(1.6.29) 

(1.6.30) 


where  A  and  B  are  the  imaginary  and  real  components  of  the  relationship 

-P/z„ 


D  +  iA  =»  —  —  • 


(1.6.31) 


The  following  approximate  expression  for  the  characteristic  impedance 
(see  Appendix  l)  can  be  obtained  from  formula  (1.2.7) 


(1.6.32) 


Substituting  (1.6.32)  in  (1.6.31) ,  and  (1.6.31)  in  (1.6.29)  and 
(1.6.30) «  we  obtain 


2U7  | 

f 

r**' 

) 

H 

."HI 

2f(x,  *-£-/?,) 


(1.6.33) 


d.6.34) 


If  R/ct  <  1»  then  p  can  be  replaced  by  W  and  formulas  (1.6.33)  and  (1.6.34) 
will  take  the  form 


th  2b  =*  — 
tg2a  =»  - 


2  WX, 


(1.6.35) 

(1.6.36) 


•  B  t$  +  Xl-'W  (1.6.36) 

Comparing  (1.6.36)  and  (1.5>8)*  we  sec  that  in  this  case 

tg,  2a  =  tp  2cp, 

as  should  be  expected. 

The  locations  of  the  voltage  and  current  loops  and  nodes  can  be  determined 
through  formulas 


(n  +  JL\±.*h*L.- 

m  '  x  /  g  2r  1  , 

ZU  loop  /  B  ' *  .  2  : 

1  “  (t*)  ch2 b  •  .  1 


(1.6.37) 


p 


3 


s_y 


U  node 


I  loop  . 


O  4  r\r\  O  Cd 

»»n~wu”W 

25 

,  -  E? 

M  , 

r  •  iu  1  p  sti  26 

„  [(*»+!>+— I+VT 

X 

(1.6.38) 

,  +  ("«"/ch2i 

T* 

t  . 

4  , 

U-i-n-N— 1-  ?  sh2b 

_  pH)*  .  J-  .  . 

X 

(1.6.39) 

.  ; 

1  “  d' 24 

T* 

\\ 

li 

A,+jl\+jL*» 

V  *  J  «  2*  1 


X  node 


1  + 


(i)‘ 


ch  24 


(1.6.40) 


•,  where  n  =»  0,  1,  2,  3... 

Voltages  and  currents  at  nodes  and  loops  equal 


loop  i/j  ch  (%z  —  b) 

i/,sh (?*-*)  j/ 


node 


'loop  "  .^ch (?z-b)' 

P 


'node  "  ><>*-*>)/• 


■  -1 

f  8  \* 

—  sh’(8*-4)' 

>  «  / 

sh’  6  +  cos’  fl 

1  + 

\  « 

\,ch’(Pz  — 4) 

sh*  4  *.cos*  d 

1  — 

a  . 

)*sh’(?r-4) 

sh*4  +  eoi’« 

•  J*  ' 

■W 

1 

ch*  z  —  6) 

sh’ 4  + cos’ a  . 


(1.6.41) 


(1.6.42) 


(1.6.43) 


(1.6.44) 


where  z  is  the  distance  from  the  termination  to  the  points  at  which  U. 

U  .  I,  ,  and  I  .  are  determined, 
node  lo°P  node 


loop* 


#1.7.  Tne  Traveling  Wave  Ratio  for  the  Lossless  Line 

The  concept  of  the  traveling  wave  ratio  can  be  used  to  characterize  the 
line  mode. 

\  The  traveling  wave  ratio  is 


k  «=  U  .  /U  =  I  .  /I  , 
mm  max  mm  max’ 


(1.7.1) 


where 


U  .  and  U  are  the  voltage  amplitudes  at  the  voltage  neie  and  loop; 
min  max 

I  .  and  I  are  the  current  amplitudes  at  the  current  node  and  loop, 
min  max 

The  traveling  wave  ratio  for  the  lossless  line  can  be  expressed  in 
terms  of  the  reflection  factor  (see  Appendix  2) 


where 


H-lPl 


(1.7.2) 


|p |  is  the  modulus  of  the  reflection  factor. 


$ 

•J 

I 


A 


■-V-’ 


\ 
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As  follows  from  (1.4.2) 

l5i 


ft,  -friX,—  W 

-j-  i  X,  +  IP 


'  (/?,  -i-  U0*  +  Xl  ' 


(1.7.3) 


#1.8.  The  Traveling  Uavs  Ratio  frr  the  Lossy. Line 

( a)  Ti.o  opc"- ended  or  e l o sod-end  line.  The  reactance  loaded  1 i n e . 
As  follows  froir  formulas  (I.6«i.O)-(I.6.13),  the  traveling  wave  ratio 
when  p/cr  <{  1  is  equal  t.c 


ch  J  i 


•1  + 

(-9 

1  Ch’&Znod^  sh^node  . 

1  —  ’ 

.9) 

a  '~ch?*loo  ’  VI. 8.1) 

1  sh‘^loop  .  1O0P 

loop 


where 

J‘node  t*lC  distance  from  the  termination  to  the  specified  voltage 
or  current  node; 

^loop  *s  the  ^^stance  irom  the  termination  to  the  specified  voltage 
or  current  loop. 

If  the  distance  from  the  termination  to  the  point  where  the  traveling 
wave  ratio  is  to  be  determined  is  sufficiently  great  as  compared  with  the 
distance  between  a  loop  and  a  node,  8an0(je  «#  P^ioop’  tho  exPressi°n  for 
the  traveling  wave  ratio  takes  the  form 

k  =  th  0z-, _ .  (1.8.2) 

If  p  is  sufficiently  small, 


AOOp 


k  sa  8Z 


loop* 


(1.8.3) 


The  expressions  obtaine'd  for  the  traveling  wave  ratio  can  also  be  used 
for  the  reactance  loaded  line. 

(b)  The  complex  impedance  loaded  line 

As  follows  from  formulas  (I.6.4l)-(I.6.44),  the  traveling  wavs  ratio 
will  be  equal  to 


.  k  = 


i  sli  Q  ?nodefr) 
cl'y  loop" 


sv. 


ch(pi|"p  4>*  (I*8* 


4) 


end 


If  z  is  very  much  larger  than  x/4,  then  fla  ^  «  9z, 

.  K  node  K  loop 

k  th(8zloop  -  b) 


where  b  can  be  found  through  formula  (1.6.33). 


(1.8,5) 
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#1.9.  Equivalent  and  Input  Impedances  o f  a  Lossless  Line 

(a) .  Determination  of  the  equivalent  and  input  impedances 
The  equivalent  impedance  of  a  line  at  a  point  distance  z  from  its  end 
is  the  ratio  of  the  voltage  across  the  line  conductors  to  the  current  flowing 
in  the  line 

Z  =  U(z)/I (z)  (1.9.1) 

eq 

The  input  impedance  is  found  from  the  expression  for  Z  by  sub- 

eq 

stitution  z  =  l 

Zin  =  (1.9.2)  * 


(a)  The  open-ended  line 

Substituting  the  values  for  U  and  I  from  formula  (1.5.1)  in  (1.9. )» 

we  obtain 


U ,  cos  a  z 

.U,  : 

i— sln.r 


i  W  ctga  z  => 


(1.9.3) 


Figure  1.9.1  shows  the  curve  for  the  change  in  the  equivalent  impedance 
with  respect  to  z.  ' 

The  equivalent  impedance  of  the  line  is  reactance  at  all  points  because 
the  lossless  line  cannot  absorb  energy  if  it  has  no  resistive  load  termina¬ 
tion.  , 

As  Figure  1.9.1  shows,  the  sign  of  the  equivalent  impedance  changes 
every  x/4  segment.  The  impedance  is  negative,  that  is,  there  is  capaci¬ 
tance,  in  the  first  segment  from  the  termination. 

Substituting  z  =  l  in  (I.9.3)»  we  obtain* 

I 

Z.  =  -iW  ctg  a  (1.9.4) 


Figure  1.9.1. 


Curve  of  change  in  equivalent  impedance  of  an 
open-ended  line. 

A  -  X  /V. 
eq 
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(b)  The  closed-end  line 

In  a  manner  similar  to  the  foregoing,  we  obtain 

•  j  =  )  W  ig * z  =f  i  Xtq  (1.9.5) 

A  comparison  between  formulas  (1.9-5)  and  (1.9-4)  shows  that  the  nature 
of  the  change  in  the  equivalent  impedance  is  the  same  as  for  the  open-ended 
line.  The  difference  is  that  curves  for  the  equivalent  impedance  of  a  closed 
line  are  displaced  along  the  axis  of  the  abscissa  by  a  distance  equal  to 
X/4  with  respect  to  the  curves  for  the  equivalent  impedance  of  an  open  lipe. 

(c)  The  reactance  loaded  line 


where 


i  \7  cfg.(a  z  —  *?)  =* 


(1.9.6) 


■Hie  nature  of  the  change  in  the  equivalent  impedance  is  the  same  as  that 
in  the.  first  two  cases. 

The  curve  for  the  equivalent  impedance  is  obtained  with  a  displacement 
magnitude  of  y/a  as  compared  with  the  case  of  the  open  line. 

(d)  Thc  pure  resistance  loaded  line 

Substituting  the  values  for  U  and  I, from  the  expressions  contained 
in  formula  (1.5.4)  in  formula  (1.9.1)  we  obtain 


['-1 

(JLY 

UJ 

j'sln  9.7  z 

(U 

l 

CO!,*  a 

7.  -}•  sin*  «  * 

(1.9.7) 


where 


R  and  X  are  the  active  and  reactive  components  of  the  equivalent 
eq  eq 

impedance. 

The  curves  for  R  /W  and  X  /W  with  respect  to  line  length  for  different 
eq  eq 

values  of  R,,/W  are  shown  in  figures  1.9.2  and  1.9.3. 

(e)  The  line  with  a  load  equal  to  the  wave  impedance 
Substituting  the  expressions  for  U  and  I  from  formula  (1.5*5)  in 
formula  (l.9->l)»  and  putting  U^/I^  n  we  obtain 


Z.  =  Z  =»  W. 
xn  eq 


(1-9-8) 


When  an  impedance  equal  to  the  characteristic  impedance  is  inserted 
at  the  end  of  the  line  (a  traveling  wave  mode  on  the  line)  the  equivalent 
impedance  at  any  point  is  made  up  of  pure  resistance  and  is  equal  to  the 
line's  characteristic  impedance. 


\ 

\ 


I 


t 
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■Figure  I. 


Figure  I. 
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9*2.  Curves  of  change  in  R  /W  for  different  values 
of  R2/tf  and  X  ■»  o. 

A  -  curve  number;  B  -  R  /W. 

eq 


9.3«  Curves  of  change  in  X  /W  for  different  values  of 
R2A  and  X2  =  0.  ^ 

A  -  curve  number:  B  -  X  A’, 

eq' 


J 


I 
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(f )  The  complex  impedance  loaded  lino 

Substituting  the  expressions  for  U  and  I  from  formula  (I . 5 • 6)  in 
formula  (1.9.1),  we  obtain 


cos  a  z  -I*  t  --sin  a  z 


7^-  W - 

^  W 


■  COS  a  z  -j-  i  sin  a  z 


(x. 9.9) 


If  the  expressions  for  U  and  I  from  formula  (1.5.9)  are  substituted  in 
formula  (I.9«l),  and  if  it  is  taken  that  W/D  =  k.  [this  equality  can  be  ob¬ 
tained  through  formulas  (1.5.11),  (1.7.2),  and  (1.7*3)],  then,  after  the  . 
transformations,  we  obtain 


2  _  fe  — i0.5(l  —  ^)sin2a2, 
cos*  a  zL  sin*  a  zt 


(1.9.10) 


#1.10.  Equivalent  and  Input  Impedances  of  a  Lossy  ^ino 
(a)  The  open-ended  line 
As  for  the  lossless  line,  we  obtain 

_  ..  sh23z  — isin2az 

^-pcthTZ-p-^— — . 


(I. 10.1) 


If  p  is  replaced  by  its  expression  from  formula  (1.6.32),  the  expression 
f oif  Z  is  transformed  into 

/  '  • 

^  sh  2}  z  —  -^-sin2az^  —  i  ^ sh  2?  z  *  sin  2a  z^ 

^  ch2jlz —  cos  2a  z  (1.10.2) 


(b)  The  closed-end  line 


2L-  p  th  r  z  P 


sh2?;  +  i  sin  2a  z 
ch  2J  z  4-  cos  2a  z 


(1.10.3) 


After  the  substitution  of  p  »  W(l  -  i^.) expression  (1.10.3)  takes  the 


( sli  2?  z  -f>-  —  sin  2a  z^  —  i  I  —  sh  2 }z  —  sin  2a  z  ) 
y  _  _ a _ /  \  *  _ ! 

^  cli2Jz  l-cos2az  (1.10.4) 


(c)  The  complex  impedance  loaded  line 

Substituting  the  expressions  for  U  and  I  from  formula  (1.6.23),  and 
the  expression  for  0  from  (1.6.24),  in  formula  (1.9*1-),  we  obtain 


p  ctll  (T  2  -  0),=.  »)  -■  1 fj"  2(»  £  -  0) 

^  ...  .  ch2(jlz  — £)  — eos2(az— c) 


(1.10.5) 


J 


RA-008-68 


*,  substituting  P  =  W(l  -  £•)  ,  we  obtain 


sh  2  (?  z-  b)  -  —sin  2(«  z  —  a) 

7  =  ty _ 2 - 

^  ch  2  (J  j  —  b)  —cos  2(aa-o) 


— sh  2  ((!  z  —  6)  sin  2  (a  z  —  a) 

■'j3 

ch  2  (J  z  —  b)  —  cos  2  (a  z  —  a) 


(1.10.6) 


and  a  and  b  are  found  through  formulas  (1.6.33)  and  (1.6.34). 


#1.11.  Maximum  and  Minimum  Values  of  the  Equivalent  Impedance  of  a 
Lossless  bine 

A  knowledge  of  the  maximum  and  minimum  values  of  the  active  and  reactive 
components  of  the  equivalent  impedance  of  a  line  is  of  interest. 

If  the  line  is  open,  closed,  or  reactance  loaded,  the  maximum  equivalent 
impedance  can  be  infinitely  large,  while  the  minimum  will  equal  zero.  This 
follows)  from  what  has  been  cited  above. 

Uf  the  j|ife  is  complex  impedance  loaded,  both  maximum  and  minimum  equi¬ 
valent  impedanles  have  a  finite  magnitude. 

The  maximum  value  of  the  equivalent  impedance  occurs  at  the  voltage 
loop  (the  current  node),  whereas  the  minimum  value  occurs  at  the  voltage  node 
(current  loop).  These  are  pure  resistances. 

We  can  use  formula  (I. 9.10)  to  obtain  expressions  for  these.  Voltage 
loops  occur  at  points  ••  wr,  whoro  n  “  0;  1}  2j  3j  ... 

Substituting  ono  of  the  stated  values  of  c*z,  in  formula  (1.9*10)  we  ob- 


Z  =  R  =  W/k 

eq  max  eq  max 


(I. 11.1) 


Voltage  nodes  occur  at  points  =  (2n  -i  l)n/2,  where  n  «  0;  1;  2;  35 
Substituting  one  of  the  stated  values  of  cyz^  in  formula  (1.9.10)  we 


obtain 


Z  =  R  .  =Wk 

eq  rain  eq  ram 


(1. 11.-2) 


The  minimum  value  of  the  reactance  (X  )  of  the  equivalent  impedance 

eq 


equals  zero. 


The  maximum  value  of  X  can  be  found  by  solving 

eq 


dX  /dz  =  0 
eq' 


(1.11.3) 


Substituting  X  from  equation  (1.9.10)  in  equation  (1.11.3),  differentiating, 
eq 


and  solving  the  equation  obtained  with  respect  to  z^,  we  obtain 

v*- 

z,  *=•  ±— arctgA. 


(1.11.4) 


*  *  -*£*&*. 


RA-008-6 8 


Here  z^  is  the  distance  from  the  voltage  loop  to  the  point  where  X 
is  a  maxim  .m. 

Substituting  this  value  for  z^^  in  formula  (1.9*.  10),  we  find 


eg 


X  =r  ±\vl - - 

eq  max  2k 


(1.11.5) 


If  k  4  1 ,  then 


X  v  %  iW/2k  +  ±1/2  R 
eii  max  eq  max 


(1.11.6) 


#1.12.  Maximum  and  Minimum  Values  of  the  Equivalent.  Impedance  of 
a  Lossy  Line 

(a)  Open,  closed,  or  reactance  loaded  lines 

Let  us  consider  the  open-end  line. 

Let  us  limit  ourselves  to  the  case  of  p/&  1.  It  can  be  taken  that 

P  sa  W,  and  that  the  voltage  loops  are  at  distances  z  °  z  =  n  X/2 

loop  " 

(n=0;  Ij  2;  3i  ...)  from  the  termination. 

Substituting  P  =  W  and  z^^  =  n  \/2  in  formula  (1. 10.1),  we  find  the 
maximum  pure  resistance  .equal  to 


where 


Req  max  ^  cth  ^  zlocp-  (I*12*1) 

If  0zxoop  is  smali'  it;  con  be  taken  that  cth3loopR*  l/@*loop,  and  then 

Req  max  ~  W/^Zioop*  (1.12.2) 

Taking  =  0,  we  obtain  (see  1.3.4) 

Req  max  =  ^Vloop  *  <VW) 

Zloop  is  the  distance  of  the  specified  voltage  loop  from  the  termination. 
Minimum  reactance  occurs  when 


Z  =  \.ode  =  (2n  +  X)  ‘ 


Substituting  this  value  for  z  in  formula  (I.lO.l),  we  obtain 


R  .  =  W  th  Bz  ,  W  8  =  1/2  R  z 

eq  min  p  node  ^  pnode  '  ’ 


1  node 


(1.12.4) 


where 


Zr.ode  dlsbance  ^he  specified  voltage  node  from  the  tenainat’^n. 

The  expressions  obtained  for  R  and  R  are  valid  for  a 

eq  max  eq  min 

closed-end  line  and  for  a  reactance  loaded  lira. 


S'?’ 
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(b)  The  complex  impedance  loaded  line 

The  approximate  expressions  for  maximum  and  minimum  values  of  R 

eq 

can  be  obtained  through  equation  (1.10.5)  if  it  is  assumed  that  $/a  is  an 

extremely  small  magnitude.  In  this  case  the  maximum  values  of  R  occur 

eq 

at  tho  points  where  a- s  -  a  =  ^loop  “  a  J  nTTt  while  the  minimums  occur  at 
the  points  where  az  —  a  a  3fznotje  ~  a  °  (2n  +  1)tt/2.  They  can  bo  expressed 
by  the  formulas 


R 

eq  max 


W  cth  (0z,  -  b), 

loop  ’ 


R 

eq  mm 


=  V  th  (0 


z 

noae 


b). 


(1.12.5) 

(1.12.6) 


#1.13.  Maximum  Voltages,  Potentials,  and  Currents  Occurring  on  a  Line, 
lhe  Maximum  Electric  Field  Intensity. 

It  is  important  to  know  the  maximum  voltages,  potentials,  and  currents 
for  a  line  used  for  high  power  transmissions.  We  will  limit  ourselves  to 
the  case  in  which  line  losses  can  be  neglected. 

* 

The  effective  voltage  across  the  voltage  loop  equals 


where 


loop 


(1.13.1) 


P  is  the  power  delivered  to  the  line; 

Rloop  is  the  line  resistance  at  the  voltage  loop,  and  is  equal  to  W/k 
(see  #1.11 ) . 

Substituting  the  value  of  R  in  formula  (1.13.1),  we  obtain 


“loop 


(1.13.2) 


The  maximum  potential  on  a  two-wire  line  is  equal  to  half  the  .maximum 
voltage. 

The  effective  value  of  the  currenx  flowing  at  a  current  loop,  where  the 
line  resistance  equals  Wk,  is  found  through  the  formi'la 


Iloop  =7^  (I*13'3) 

Finding  the  maximum  electric  field  strength  on  a  line  is  of  great 
interest.  The  maximum  electric  field  strength  is  at  the  surface  of  the  con¬ 
ductor  and  can  be  found  in  terms  of  the  magnetic  field  strength  at  the  surface 
of  the  conductor.  A  TEM  type  wave  (a  transverse  el jctromagnetic  wave)  is  pro¬ 
pagated  on  the  lines  we  are  considering.  When  the  line  is  functioning  in 
the  traveling  wave  mode  we  find  that  there  is  the  relationship 


E  »  W . Int , 

i  ’ 
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between  the  electric  field  strength,  E,  and  the  magnetic  field  strength,  Xnt, 
at  any  point  in  space,  and  particularly  at  the  surface  of  the  conductor,  where 
E  is  the  electric  field  strength,  volts/m'-ter; 

Xnt  is  the  magnetic  field  strength,  amperes/meter) 

has  the  dimensionality  of  impedance  (ohms),  and  can  be  called  the 
characteristic  impedance  of  the  medium. 

For  TEM  waves  in  free  space 

W.  =  120tt,  ohms. 

1 

The  magnetic  field  strength  at  the  surface  of  the  conductor  can  be 
found  through  the  relationship 

o  H  dl  =  P  j  dK  =  t  (1.13.4) 

•J  L  l  J  r  n 

where  the  left-hand  side  is  the  circulation  of  vector  H  around  the  circum¬ 
ference  of  the  conductor, 

dl  is  an  element  of  the  circumference  of  the  conductor; 

j  is  the  current  volume  density  in  the  transverse  cross  section  of 

n  2 
the  conductor,  amperes/m  ; 

dF  is  an  element  of  the  surface  of  the  conductor's  cross  section. 
Assuming  the  current  and  magnetic  field  strengths  to  be  uniformly 
distributed  around  the  circumference,  we  obtain 

^H(dl  =  Hnd  =  I  (1.13.5) 

where 

d  is  the  conductor  diameter. 

The  maximum  electric  field  strength,  E^^,  equals 

E  =  W.I/rrd  (1.13.6) 

max  1 

Substituting  I  =  U/W  in  (1.13.6),  we  obtain 

E  =  W.U/Wnd  (1.13.7) 

max  i 

or 

E  =  120U/Wd  (1.13.8) 

max 

If  the  line  is  multi-conductor,  that  is,  each  balanced  half  of  the  line 
consists  of  n  parallel  conductors  (for  a  four-wire  balanced  line  n  =  2),  and 
if  the  distance  between  conductors  is  such  that  current  distribution  around 
the  circumference  of  the  conductors  can  be  considered  as  uniform,  the  current 
flowing  in  one  conductor  will  be  reduced  by  a  factor  of  n.  Correspondingly, 
the  maximum  field  strength  equals 


E 

max 


120U/Wnd 


(1.13.9) 


(non-uniformity  in  current  distribution' between  conductors  not  considered). 

If  d  is  in  centimeters,  E  is  in  volts/centimeter. 

’  max 

Formula  (1.13.9)  holds  for  any  value  of  the' traveling  wave  ratio  for  the 
line,  since  E  in  the  formula  is  defined  in  terms  of  U.  Substituting  the 
value  of  U  from  (1.13.2),  we  obtain 


E  120yP/ndYkW 


(1.13.10) 


Here  E  is  the  effective  value  of  the  field  strength  at  the  surface  of  the 
max 

conductor  at  a  voltage  loop. 


#1.14.  Line  Efficiency 

By  line  efficiency  is  meant  the  ratio  of  the  actual  power  dissipated 
in  the  terminator  to  the  total  actual  power  delivered  to  the  line.  The 
efficiency,  7],  can  be  expressed  in  terras  of  the  reflection  factor,  p,  as 
follows  (see  Appenoix  3)  • 


„  -  1  ~  I  P  I* 

^  1-lpl‘c-4^ 


(1.14.1) 


Substituting  the  expression  for  Jp|  in  terms  of  the  traveling  wave 
ratio  k(|p|  =  1-k/l+k)  in  formula  (1.14.1),  we  obtain 


ch2?/+  ^Sr-f“)sh2.U  , 


(1.14.2) 


if  201  4  1  we  can  replace  sh20 l  by  20 1  and  ch  201  by  one,  whereupon 


+(*+v)J 


(1.14.3) 


Formula  (1.14.3)  shows  th’at  efficiency  is  higher  the  closer  the  traveling 
wave  ratio  is  to  one  and  the  smaller  01. 

Figure  1.14.1  shows  the  curves  for  the  change  in  T>  with  respect  to 
pi  for  traveling  wave  ratios  equal  to  0.1,  0.2,  0.5,  and  1.  Formula  (1.14.2) 
was  used  to  construct  the  curves. 

The  efficiency  of  a  line  operating  in  the  ti'aveling  wave  mode  equals 


(1.14.4) 


If  201  4  1, 


■7=1-2?/. 


(1.14.5) 
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Figure  1.14.1.  Curves  of  change  in  line  efficiency  with  respect  to 
31  for  diffeient  traveling  wave  ratios^ 

A  -  kbv,  traveling  wave  ratio. 

#1.15.  Resonant  Waves  on  a  Line 

The  waves  on  a  line,  the  input  impedance  of  which  has  no  reactive  com¬ 
ponent,  are  called  resonant  waves. 

The  data  presented  in  the  foreoing  indicate  that  resonant  waves  occur 
on  a  lossless  line  when  there  is  a  current  loop,  or  node,  at  the  point  of 
supply  for  the  line. 

Every  line  has  an  infinitely  large  number  of  waves  for  which  the  re¬ 
active  component  of  the  input  impedance  equals  zero.  A  line,  therefore, 
has  not  one,  but  an  infinitely  large  number  of  resonant  waves.  The  maximum 
resonant  wave  is  known  as  the  line's  natural  wave. 

#1.16.  Area  of  Application  of  the  Theory  of  Uniform  Long  Lines 

In  practice,  the  most  widely  used  are  uniform  two-wire  balanced  and 
one-wire  unbalanced  open-wire  or  shielded  lines.  A  line  which  is  made  up 
of  two  balanced  conductors,  or  of  two  balanced  systems  of  conductors,  bet¬ 
ween  which  an  emf  source  is  connected,  is  called  a  balanced  line. 


I 

Figure  1.16.1.  Schematic  diagrams  of  unbalanced  single-wire  lines: 

(a)  single-wire  unbalanced  line;  (b)  unbalanced  line 
consisting  of  a  system  of  wires. 


fS.^1  W  |?Jf 
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The  open-wire  one-wire  line  is  understood  to  mean  a  line  consisting  of 
but  one  conductor  (fig.  I.l6.1a),  or  of  a  system  of  conductors  (fig.  I.l6.Xb), 
to  which  one  of  the  output  terminals  of  the  emf  source  is  connected,  while 
the  other  terminal  is  grounded.  The  shielded  one-wire  line  is  understood 
to  mean  a  line  consisting  of  a  conductor  (or  of  a  system  of  conductors) 
surrounded  by  a  shield  which  is  connected  to  the  generator  shield  and  the 
load  shield.  The  coaxial  line  is  a  special  case  of  a  shielded  line. 

The  theory  of  uniform  long  lines  is  applicable  to  balanced  lines,  as 
well  as  to  single-wire  lines  if  they  are  uniform. 

It  is  also  possible  to  use  the  computational  apparatus  of  the  theory 
of  uniform  lines  in  the  case  of  shielded  one-wire  lines  if  the  penetration  of 
the  current  into  the  external  surface  of  the  shield  is  excluded. 
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Chapter  II 


EXPONENTIAL  AND  STEP  LINES 


I •  I •  Differential  Egtiatiorns^fo^r^a^Jhinc^wi/tlTyariabl e  Characteristic 
Impedance  and  Their  Solution.  Exponential  Lines. 1 

Exponential  and  step  transmission  lines  are  widely  used  as  broadband 
elements  for  matching  lines  with  different  characteristic  impedances. 

Let  us  take  a  line  with  a  variable  characteristic  impedance  (fig.  11.1.1) 
The  change  in  the  characteristic  impedance  is  shown  in  the  drawing  by  the  • 
change  in  the  distance  between  the  line's  conductors.  In  practice,  the 
characteristic  imped,'.nco  is  changed  by  changing  the  diameters  of  the  con¬ 
ductors,  or  by  using  other  methods,  such  as  changing  the  parameters  of  the 
medium  surrounding  the  conductor,  all  of  them  in  addition  to  the  method  where¬ 
by  the  distance  between  the  conductors  is  changed. 


Figure  11.1.1.  Line  with  a  variable  characteristic  impedance. 


It  is  obvious  that  equations  (1.1.3)  and  (1.1.5),  derived  for  the  uni 
form  line,  remain  valid  in  this  case;  that  is,  the  voltage/current  ratio 
for  any  line  element  is  in  the  form  ! 


i 

*L  =  UYX 

dz  1 


(II. 1.1) 


where 


z  is  the  distance  between  a  specified  point  on  the  line  and  its 
termination. 

zx  are  functions  of  z  for  non-uniform  lines. 

Differentiating  the  second  equation  at  (ll.l.l)  with  respect  to  z,  we 
obtain 


<k*  dz  1  dz  (II. 1.2) 


1.  M.  S.  Neyman.  "Non-uniform  Lines  with  Distributed  Constants. 
IEST,  No.  11,  1938. 
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Substituting  the  expressions  for  dU/dz  and  U  from  formula  (ll.l.l)  in 
forirula  (II.  1.2), 

-  dz*  dz  7,  dz  •  (II. 1.3) 


Since  l/Y^  dY^/dz  =  d/dz(lnY^),  equation  (II. 1.3)  takes  the  form 


d»/ 


17 IT^' 


■!ZlY1^0. 


Similarly 

__  ^  A  (In  Zj)  -  UZ,/,  =  0. 

dz  dz 

Let  us  designate 

Y  =  ?+i  a  =  /Z^T.  • 


(II. 1.4) 


(II. 1.5) 


(II. 1.6a) 
(II. 1.6b) 


Then  equations  (II. 1.5)  and  (II. 1.4)  can  be  transformed  into 


d*U 

dz* 


£L  + 

dz * 


dU  d 
dz  dz 

dl  d 
dz  dz 


(In(pY)l  —  Of*  =  0 

(In7)-/t’=*o 


(II. 1.7) 


As  we  see,  in  the  general  case  the  distribution  of  current  and  voltage 

f 

in  the  non-uniform  line  can  be  described  by  linear  differential  equations 
with  variable  coefficients. 

However,  in  the  special  case  when  p  changes  in  accordance  with  an  ex¬ 
ponential  law 


o  = 


(II. 1.8) 


where  is  the  characteristic  impedance  at  the  termination  and  the  propa¬ 
gation  factor  y  remains  constant  along  the  line.  The  coefficients 
d/dz(ln(py)]  and  d/dz(ln  p/y)  become  constants  and  equal  to  b. 

Lines  for  which  p  changes  in  accordance  with  an  exponential  law  are 
called  exponential  lines. 

Analysis  of  the  exponential  line  follows. 

After  the  substitution  of  (II. 1.8),  equation  (II. 1.7)  is  in  the 
following  form 


H -b  —  —  vu  =  o] 

dz 1  dz  i 


d*l 
dz * 


+  -o 


(II. 1.9) 


The  equations  at  (II. 1.9)  have  the  following  solution 

*'  »  ii  (■ 

/  =  A,c  1 


(II. 1.10) 


-  '  ‘  Xj'i* 
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The  coefficients  k^ ,  k^,  k| ,  and  k^  are  determined  from  characteristic 
equations  corresponding  to  the  differential  equations  at  (11.1.9). 

The  characteristic  equations  are  in  the  form 


from  whence 


'  K5  —  bK  —  YJ  =  0 
/c’a  -f  bn'  —  ■'»  =,  0  * 


(II. 1.11) 


(II. 1.12) 


Substituting  (II. 1.12)  in  (II.I.IO), 

-a 

U  —  a"  A,  e  1  K  1  ■ 


~  *  I"  1  ]/ 1*+  (7)’  -*  l/  t*+  (-7)’  1  ] 

U  —  c"  [Ae  /  +BlC  ^ 

/  .  YAfr.  [' 

/  ="  e  [A  e  -f  A  c  j  I 


(II. 1.13) 


The  connection  between  A  and  A  ,  as  well  as  between  B  and  B  ,  can 
be  found  by  substituting  the  solution  arrived  at  in  one  of  the  original 
differential  equations. 

Substituting  that  solution  in  the  first  of  the  equations  at  (II.l.l), 
'  I  tr  b  _  _  /TT7TV1  *  ..  ,  1  . 


8  ^  j[l  -  /•' + (t )']  s‘  -  °- ' 


This  equation  should  be  identically  satisfied  for  any  value  of  z,  so 
should  be  equal  to  zero  in  both  expressions  in  the  braces.  Thus,  we  get 
two  equations,  from  which  we  find 


(11. 1.14) 

(11. 1.15) 


A  =*  A 

,i+i/ 

/l-H 

[±] 

UT; 

• 

'I 

Bt  =  B1 

,i~l/ 

/iTj 

Li) 

>1 

We  will  use  the  boundary  conditions  to  determine  the  constants  A^  and 
B^.  Let  us  assume  that  at  the  termination,  that  is,  when  z  *  0, 
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kJ 


l 

f 


U~ut  j 

/  =  /j  =  'iT  j  (II.  1.16) 

where 

Zo  is  the  resistor  inserted  in  the  termination)  / 

is  tho  voltago  across  the  termination; 

I^  is  the  current  flowing  in  the  termination. 

Substituting  (11.1.14),  (II. 1.15)  and  (II.1.16)  in  (II.1.13)«  and 
solving  the  equations  obtained  with  respect  to  A^  and  B^,  we  find 


j  c* 

1 

t 

/,,(!)' 

+  /» I?. 

A  =  b — — 

/  /  h  * 

(II. 1.17) 

2V 

+(f) 

' 

u\\+y 

—  ItV  « 

- V- 

2V 

■ 

(II. 1.18) 

What  follows  from  equation  (II. 1 

.13)  is  that  in  a  line 

in  which  the 

characteristic  impedance  changes  smoothly,  as  it  does  in  the  uniform  line, 
there  are  two  waves  of  voltage  and  current;  an  incident  wave,  characterized 
by  the  coefficient  and  A^,  and  a  reflected  wave,  characterized  by  the 
coefficients  B  and  B  . 

The  voltages  of  the  incident  and  reflected  waves  change  in  direct  pro¬ 
portion  to  e1^2  bz  in  the  exponential  line;  that  is,  the  change  is  proportion¬ 
al  to  the  square  root  of  the  characteristic  impedance  because 

—  bi  _  j - 

«*  -/«"=/£■ 

The  changes  in  the  incident  and  reflected  wave  currents  are  inversely 
proportional  to  the  square  root  of  the  characteristic  impedance. 

Since  traveling  waves  are  propagated  from  an  area  of  low  characteristic 
impedances  to  an  area  of  high  characteristic  impedances,  voltage  and  current 
amplitudes  are  transformed;  the  voltage  amplitude  increases,  the  current 
amplitvde  decreases.  Accordingly,  the  exponential  line  is  a  voltage  and 
current  transformer. 


#11.2.  The  Propagation  Factor 

from  the  foregoing  equations  it  is  apparent  that  in  this  case  the  factor 
y  does  n;.t  characterize  the  propagation  of  incident  and  reflected  waves.  In¬ 
stead,  it  is  the  factor 


where 


g’  and  a1  are  the  attenuation  factor  and  the  phase  factor. 
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Substituting  the  expression  for  y,  we  find 

>'-/ T  [-[*•- (t)1  +  |/  [*' "f  -  (t)T+  ^ ’  fn.2.2) 

.  “'“/t  (["' “  (t)’]  '■  f  t'  ~  (t)T + 4l,?‘ )  •  <a-2-3> 

If  3  4  a,  and  this  is  customary  and  is  the  case  at  high  frequencies, 
expressions  0’  and  a1  will  take  the  form 


P  “ - y==zr—. , 

/-ay 


(II. 2. 4) 


(II. 2. 5) 


Formulas  (II. 2. 4)  and  (II. 2. 5)  demonstrate  that  the  larger  b  is,  that  is, 
the  less  frequent  the  change  in  the  line's  characteristic  impedance,  the 
smaller  the  phase  factor  and,  as  a  result  the  greater  the  phase  velocity 
of  wave  propagation  on  the  line  (v‘  =  u/<y').  Moreover,  the  attenuation 
factor  increases  with  an  increase  in  b. 


#11.3.  The  Reflection  Factor  and  the  Condition  for  Absence  of  Reflection 
As  we  noted  above,  the  reflection  factor  is  the  ratio  of  the  voltage 
(or  current)  associated  with  the  reflected  wave  at  the  point  of  reflection 
to  the  voltage  (or  current)  associated  with  the  incident  wave  at  the  same 
place  on  the  line.  From  (II.  1.13)  the  reflection  factor  for  the  voltage 
equals 


Vai 


(n.3.1) 


Substituting  the  expressions  for  and  A^  from  equations  (II. 1.17) 
and  (II.1.18),  we  obtain 


where 


<11.3. 2) 


[t  +  ]/- t  +  I 

m 

-7Po 

z. 

“T+jA-H 

r±y 

<2 ) 

J  -Mp. 

Z2  is  the  terminating  impedance. 


If  line  losses  are  neglected,  that  is,  if  it>  is  taken  that  y  «  i® 
and  pQ  <*  Wq,  the  expressions  for  py  will  take  the  form 


(11.3.4) 


Z, 

[w-ay 

—  i  a  IF, 

“T  +  ial/  •- 

ay 

J  *  i  a  U% 

5T1#e}.-j<^rt«-.!swtTtc»yTr  w*»r**>*yyinwjrVT^£  «^Vrr  ** Ws'fTj**  rtf-it.'^ 
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Similarly,  the  reflection  factor  for  the  current  when  there  are  no  line 
losses  equals 


b 

I  2a 

Y~- 

ay  K 

b 

—  + 

2 

b 

i2i  * 
L 

*  i«  j 

/~ 

/-( 

ay 

ayj 

1(4 

-  i  a  W, 

2. 

•r  1 

la  j 

/-( 

iy\ 

_  •  ' 

}  (n.3.5)  5 

i 

Equating  the  numerators  in  the  right-hand  sides  of  equations  (11.3.4) 
and  (II. 3.3)  to  zero  is  the  condition  for  absence  of  reflection.  We  find 
from  these  equalities  that  in  order  to  eliminate  reflection  we  must  insert 
a  complex  impedance  equal  to 

V» _ ‘ 

(11.3.6) 


Z„  =» 


in  the  end  of  the  line. 

But  if  b/2<y  is  so  much  less  than  unity  that  we  can  ignore  it 

Z„  =  w^» 

2  0 

and  the  reflection  can  be  eliminated  by  inserting  as  the  terminator  a  pure 
resistance  equal  to  the  characteristic  impedance  of  an  exponential  line  at 
its  end. 


"8  y  j 


#11.4.  Line  Input  Impedance 

The  input  impedance  of  an  exponential  line  equals 


Z.  =  ’  U,  ,/I,  \ 

in  (z=i)'  (z=t) 


(II.4.X) 


We  will  limit  ourselves  to  consideration  of  a  lossless  line. 

Substituting  the  values  for  U  ,  and  I  ,  found  through  equation 

z=i  z=l 

(II. 1.13)  in  equation  (II. 4.1),  we  obtain 


Z.  =  C 
in 


M  At  e 


„„/ -(I,' 


+  0,  c 


(II. 4. 2) 


In  the  special  case  of  the  termination  containing  impedance  Z^,  found 
through  equation  (11.3.6),  and  which  is  to  say  the  impedance  ensuring  ab¬ 
sence  o"  reflection. (B^  =  =  0),  we  obtain  an  input  impedance  equal  to 

»’  .in 


<*f  M1 


f.ii 

A, 


-aY'-O) 


Z,e»'. 


(11.4.3) 
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Accordingly,  when  there  is  no  reflection  the  input  impedance,  like  the 
load  impedance,  ib  complex  and  depends  on  the  wavelength. 

But  from  equations  (II. 4.3)  and  (11.3.6),  if  b/2 a  is  so  small  that  it 
can  be  ignored  when  compared  with  unity,  the  input  impedance,  like  Zo,  is 
active  when  there  is  no  reflection  and  does  not  depend  on  the  wavelength, 
whereupon 


Z .  =  We 

in  0 


b; 


(IX. 4. 4) 


As  we  see,  if  b  is  sufficiently  small,  that  is,  when  the  change  in 
the  characteristic  impedance  is  sufficiently  slow,  the  exponential  line' 
can  <.~t  as  a  wave  transformer,  transforming  the  pure  resistance  equal  to 
V  in  its  termination  into  a  pure  resistance  equal  to  W^eb* •  ■  b  can  be 
either  positive  or  negative. 

Ms  can  prove  that  if  the  magnitude  b /2ct  is  ignored  the  input  impedance 
will,  for  arbitrary  load  Zn,  equal 


Z. 

in 


tvs  a  !  T  i  —  sin  1 1 

\1/  cw - h - 


--  cos  a  /  -•  i  sin  il 
'-2 


(II. 4. 5) 


The  ratio  Z.  ,'Z  is  tile  exponential  lino  impedance  transformation 
in 

ratio.  Comparing  equations  (ll.4.i>)  and  (1.9-9) ,  we  see  that  the  factor 

r 


co.  »  .  -i*  i  •  si.)  ^  ( 
_ £» _ 

“■'o  ,  ,  .  . 

~t  cos  i  /  -r  »  sm  a  * 


is  the  transformation  ratio  for  impedance  of  a  uniform  line  with  un¬ 
changed  characteristic  impedance  iv^,  and  that  the  factor  e^1  is  a  supplemental 
transformation  factor  defined  by  the  exponential  nature  of  the  change  in 
the  line's  characteristic  impedance. 

Tne  condition  of  smallness  of  the  ratio  o/2cn  in  the  case  cf  a  speci¬ 
fied  transformation  ratio  imposes  a  definite  limitation  on  the  length  of  the 
exponential  line  (i),  which  should  be  at  least  some  minimum  value. 


#11.5.  Dependence  of  the  Needed  Length  or  an  Exponential  Line  on  a 
Specified  Traveling  Wave  Ratio 

The  exponential  line,  as  was  pointed  out  above,  can  be  used  as  e,  trans¬ 
former  for  matching  lines  with  different  characteristic  impedances  (fig. 

II. 5.1). 

The  exponential  line  load  is  a  line  with  some  characteristic  impedance, 
=  Wq.  The  exponential  line,  together  with  line  2  connected  to  it,  is 
the  load  for  line  1,  which  has  the  characteristic  impedance 


. >  .  r> 

tvh-uwo-oo 


*  V 


bi 


The  exponential 
factor  at  the  end  of 
the  exponential  line 


line  should  provide  a  sufficiently  small  reflection 

line  1,  and  in  order  to  do  ao  the  input  impedance  of 

(2.  )  should  be  close  to  W  =  V .a*3', 
m  1  0 


If 


I 


Figure  XX. 5.1.  r.xpor,ential  transmission-line  transformer. 

A  -  line  1 ;  B  -  exponential  line;  C  -  line  2. 

Let  us  derive  tne  expression  for  the  reflection  factor  as 


Pu 


■  w. 


■  IP, 


(II. 5.1) 


where 

Z^n  is  the  exponential  line's  input  impedance. 

Substituting  the  expression  for  Z.  from  (XX. 4. 2)  and  the  values  for  A1  ,  A^, 

B  ,  and  B*  fron,  ' XI. 1 .14 )- (II .1.18) ,  in  (II. 5.1),  converting,  and  ignoring 
^  2  ^ 

(b/2a)  ,  we  obtain 

[  ,  bunt l 

>Pui  =  —  —  •  (II. 5. 2} 


The  maximum  reflection  factor  results  when 


where 

n  is  any  integer,  or  zero 


(II. 5.3) 


By  using  the  formula  at  (lx.5-2),  we  can  find  the  relationship  between 
the  reflection  factor,  the  length  of  the  exponential  line,  and  the  relation¬ 
ship  of  V  to  V . 

As  a  matter  of  fact, 


from  whence 


W,  =  lf0cM  =  W»  Cw. 


in 


•m  ■ 


i 


o  = 


(II. 5. 4) 
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Substituting  the  value  for  b  from  (II.fJ-4)  in  (II.5«2),  and  omitting 
the  factor  characterizing  the  phase,  we  obtain 


I'M  — 


In  —  j  5in«  / 


(n.  5. 5) 


#11.6.  General  Remarks  Concerning  Step  Transition  Lines 

Step  transmission  lines,  that  is,  transmission  lines  comprising  sections 
with  different  characteristic  impedances,  can  be  used  for  broadband  matching 
of  two  lines  with  dissimilar  characteristic  impedances,  W^  and  W^J. 

Step  lines  usually  are  made  up  of  sections  of  equal  lengths.  The 
characteristic  impedance  within  the  limits  of  each  section  remains  constant. 

Different  combinations  of  the  number,  n,  length,  i,  and  characteristic 
impedances  of  sections  for  satisfying  a  specific  matching  requirement  are 
possible  within  the  limits  of  a  specified  frequency  band. 

The  requirements  usually  reduce  to  keeping  the  reflection  factor  i>r 
waves  propagated  from  right  to  left,  or  from  left  to  right,  at  a  predetermined 
magnitude  within  the  limits  of  the  specified  frequency  band.  And  it  is 
assumed  that  the  line  to  which  the  energy  is  being  fed  has  a  resistive  load 
equal  to  its  characteristic  impedance. 

Let  us  pause  here  to  consider  the  optimum,  or  Chebyshev,  step  transition. 
By  optimum  we  mean  that  step  transition  which  has  a  minimum  overall  length, 

L  ^  nl,  for  a  specified  jump  in  the  characteristic  impedances 
N  =  W^/W^(N  >  l),  a  specified  maximum  reflection  factor  Pmax»  and  an 
operating  band  X2  -  X^.  We  shall  not  pause  to  consider  the  mathematical 
analysis,  but  will  limit  ourselves  to  citing  the  final  results  of  such 
analysis,  since  they  permit  us  to  select  the  data  for  the  step  transmission 
line  in  accordance  with  specified  requirements  and  problem  conditions. 

We  will  cite  the  data  for  two-step,  three-step,  and  four-step  trans- 
mission  lines. 


#11.7.  Step  Normalized  Characteristic  Impedances 
(a)  Two-step  line  (n  =  2) 

The  normalized  (that  is,  equated  to  W^)  characteristic  impedance 
of  the  first  step  is  found  through  the  formula 


.  <*-■>•  ,  N 
21s1  e.  ’  V  4tg‘8,  ’ 

0,  •=*  arc  cos  ^  A  , 


(II. 7.1) 


(II. 7. 2) 


1.  See  the  article  by  A.  L.  Fel'dshteyn  and  L.  R.  Yavich  titled  "The 

Engineering  Computation  for  Chebyshev  Step  Transitions."  Radiotekhnika 
[Radio  Engineering],  No.  1,  I960. 
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(11.7.16) 

(11.7.17) 

(11.7.18) 


Tables  ll.fl.l  -  II. 0.3  contain  the  Values  of  the  step  eh&i'aeiei'islle 
impedances  for  specified  values  of  !  Plmax»  8,  and  A,  computed  using  the 
formulas  given. 


#XI«S.  Finding  the  Length  of  the  Step,  t,  and  the  Waveband  within  which 


the  Specified  Value  for  the  Reflection  Factor  Ip  Will  Occur. 

1  max 


The  length  of  a  step  is  found  through  formula 


h 

2* 


•arc  cos  A, 


(II.8.1) 


where 

,  A.,  is  the  longest  wave  in  the  specified  operating  band. 

The  ratio  of  the  longest  wave  to  the  shortest  wave  in  the  operating 
band  is  found  through  * 


**  n  —  arc  cos  A 
*rc  coj  A 


(11.8.2) 


Here  \  and  X  should  be  understood  to  be  the  wavelengths  in  the  step 

4b  X 


line 


c 


e 


where 

^20  an<*  ^10  are  t^le  wave^en9t^e  in  ^ree  space; 

v  is  the  phase  velocity  at  which  propagation  occurs  on  a  step  line; 
c  is  the  speed  of  light 

If  we  are  discussing  step  transmission  lines  made  up  of  sections  of 
open-wire  lines  we  can  take  v  *»  c. 

The  .full  length  of  the  stop  transition  equals 


L  =  nl  (11,8.3) 

where 

n  is  the  number  of  steps. 

Tables  II. 8.1  -  11,8.3  list  the  corresponding  values  of  X^/X,  for  each 
value  of  A.  We  can,  by  using  these  tables,  find  the  needed  number  of  steps,  n, 
the  length  of  a  step,  and  the  characteristic  impedances  for  &  specified 
Ag/X^  ratio  if  the  magnitvides  of  N  and  are  specified. 
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Table  II. 8.1 


*•  r 


Two-step  line  n  =  2 
°!0-05 

il  I  / 

5  a  I  r,  vt  — 


'i  A  ! 

X,  j!  i 

1  i 


0,600 
0,460 
0,394 
!  0,355 
0.327 
0,307 
0.290 
0.278 
0,268 
0.239 

i  °-ai 

i  0.244  ! 
j  0.23S  j 
I  0,233  !  ; 

J  0,228  |  i 

j  0.224  i  1 
'  0,220  !  ; 
'  o.2;o  !  I 

i  0.212  !  i 
I  0.209  i  I 


1.M5 

0,148 

2.3S8 

;  0,842 

1.073 

1.274 

0.174 

1,875 

0.676 

1,102 

1,407 

0.166 

1 .695 

0,590 

1,153 

1,538 

0,192 

1  ,601 

.1  0.536 

1.183 

i  ,663 

0,197 

1.538 

ji  0,498 

1.219 

1,78a 

0,200 

1 .496 

J  0.433 

1.215 

1,939 

0,203 

1 .461 

5  0.447 

1.271 

2,027 

0,205 

1.437 

0.428 

1,297 

2,147 

0.207 

1.418 

0,413 

1.323 

2.236 

0.203 

1,400 

0.400 

1.319 

2,309 

0,210 

t  ,335 

,  0.3SS 

1.370 

2,479 

0.211 

1.372 

0.376 

1.390 

2.587  ! 

0.212 

1 ,36* 

ij  0.369 

1.410 

2,694  ] 

0,213 

1.352 

0,361 

1,430 

2.830  I 

0.213 

1.343 

’  0.354 

1,450 

2,905  i 

0,214  j 

1,336 

0,347 

1,467 

3,005  ; 

0,215  | 

1.329 

0,341 

1.483 

s, no  j 

0.215  j 

1.322 

0,336  ■ 

1,500 

3.211  , 

0,216  ; 

1 ,315 

0.330  | 

1,517 

3.31,  j 

0,216  , 

1.310 

'  0.326  ! 

1.533 

3.410  i 

0,2,7  1 

1 .  3iVl 

0.321  , 

1 ,5*18 

3,507  | 

0,217 

1.299 

.  0,317 

1,362 

3,60:  | 

0.216  , 

1.2% 

0,313 

1.576 

3.700  ! 

0.218  ] 

1,291 

.  0,309 

1,390 

3.795  ; 

0,219  : 

1.287 

0,306 

1.605 

3.890  . 

0.2.9  ■ 

1.281 

0,303  i 

1,618 

3.981  , 

0,219 

1  ,2n0 

0,299 

1 .030 

4.077 

0.220 

1,277 

0.296 

1 .643 

•5,109 

0,220 

» ,27-1 

0.294 

1.656 

4.26.  . 

0.220 

1.270 

0,29! 

1 .669 

4.352  1 

0.2'2. 

i  .207 

0.288 

1 .660 

4  .  V>2 

0.22, 

1.260 

0,2o0 

i  .690 

*»  ,  vv)l 

0.221 

1.202 

0,2o3 

1.701 

4,621 

0.22. 

1 .259 

0,28. 

1.712 

•i  ,  7 » 0 

0,221 

i  »  -07 

0.279 

1,722 

4 ,  ~96 

0 , 222 

i  ,256 

C  ,27? 

1.733 

4 ,  &So 

0.222 

i  .254 

0,275 

1.744 

4.972 

0  2 22 

1.251 

0.273 

1 ,755 

4,059 

0,222 

1.249 

0,27. 

i ,  765 

5. 145 

0,222 

i  ,2*1 7 

0.269 

1,775 

4,513  — 

2,792  f  0,864 
2,343  3  0,772 
2.126  |  0.7J0 
1.993  l  0,665 
1,902  j  0,631 
1 .837  |  0.(03 
1.783  1  0,580 
1.744  0,561 
1,710  j  0.515 
1,680  I  0,530 
1,656  |  0,517 
1.634  {  0,507 
1,615  l  0,4% 
1,599  \  0,486 
1.582  j,  0.478 
1.569  J  0.470 


|  0.198 
j  0.199 
I  0.199 

I  0.200 
!  0,200 
j  0.201 
;  0,202 
|  0,202 
|  0,203 
|  0.203  j 
1  0,203  ! 

!  0.204  j 
;  0.204  ! 
!  0,205  ! 
i  0,2va  ■ 

0,205 
0.206 
*  0,206 
'  0,206 
'  I  0,207  J 


,55S  0,462  j 

,545  f  0,455 
■536  t  0.449  | 

,525  \  0.444 
.517  |  0,438 
.508  f  0.433 
,500  |  0,428" 
,494  |  0,423 
.487  f  0.419 
.479  :  0.415 
,473  [  0.411 
.469  I  0.407 


1,77°, 
1 1,759 


1,463  J  0.404 
1,457  r  0,400 
1.453  !i  0.397 
1,447  0.394 
l',443  0.391 

1  >439  \  0,388 
1,435  j  0,385 
1.431  j;  0,352 
1,328  J  0,379 
1,423  5  0.377  | 
1,419  f  0,374  j 


i  0,171  !  1,759  ; 
i  0.170  I  1,769  ' 
!  0..69  '  1,778  ! 


5,230  ,  0.223 
5,315  0.223 


1,246  i  0.267  , 
1,244  ■  0,266  ! 


5.400  I  0,223  1  i  ,243  .  0,264 


1.785  j  5.150 
i  .795  i  5.230 
1,804  .  5.320 


j  1,767  .  5.463  |  0,223  1.241 

0.262 

(.8.4 

!  5.400*  t 

1.795  |  6,568  |  0,223  !  1,237 

1  !  1  i 

0,261 
t  i 

1,823 j 

5,486  | 

1,416  0,372  | 
1,414  0,370  ! 

1,410  0,363  | 

i  ,406  0,365  j 
1,404  0.363; 


1,755 

4 ,440 

1  SC- 

1.68/ 

1.768 

4,525 

i  0. 

187 

1.680 

1,778 

4,610 

j  0. 

167 

1.673 

1,789 

4 ,690 

|0. 

1SS 

1 .665 

1 ,600 

4,770 

|  0. 

188 

1 ,658 

1.810 

4 ,660 

1  0. 

188 

1 .653 

i  ,821 

4,942 

; 0 

189 

1 .645 

1.831 

5.020 

l°* 

189 

1,641 

I.84! 

5. 100 

j  0. 

150 

1 .636 

1,650 

5,  ISO 

|  0. 

190 

1.632 

1.660 

5.260 

i  0 

191 

1.624 

1 ,870. 

5.348 

|  0, 

191 

1.619 

,4 
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Tabic  II. 8. 2 


Three-step  line  n  =  3 


Iplmj*  ■=■  0,02 

rJ  0,05 

_ l/’l/M*"0-1 

,V 

A 

v. 

* 

X, 

K 

A 

v. 

U?. 

l-t 

h 

A 

vt 

v. 

l 

K 

1  h. 

1  ^1 

|  1 

1 ,2;0,751j  1,0-17 

1,095 

1,149 

0.107 

3.657 

0,924 

1,065 

1.095 

1.127 

0,0624 

7,006 

_ 

1.091 

1.035 

1.100 

1  .4j0,6S2 

1.067 

1.183 

1,312 

0,131 

2.830 

0,830 

1.090 

1.163 

1,284 

0.0942 

4,310 

0.935 

1.123 

1.183 

1,241 

0,0577 

7,668 

1.6;0.621 

1.087 

1.265 

1.472 

0,143 

2.487 

0,775 

1,113 

1,265 

1.438 

0,109 

3.592 

0,866 

1.155 

1.265 

1.335 

0,0772 

5.518 

l.s|o.584 

1,105 

1.342 

1,627 

0,151 

2.317 

0,736 

1,133 

1.342 

1,589 

0,118 

1 3.224  SO. 851 

1.177 

1.342 

1.529 

0.088 

4.681 

2,09,558 

1.120 

1.414 

1.766 

0,156 

2.210 

0.703 

1.149 

1,414 

1,739 

0.126 

2.971 

0.824 

1.195 

1.414 

!  ,67-5 

0.096 

4.215 

2  2 

0,537 

1.133 

1.483 

1.942 

0,160 

2.129 

0,685 

1.166 

1,483 

1,888 

0.130 

2.849 

0.802 

1.211 

1.483 

1.617 

0.102 

3. 907 

2.4j0,52l 

1.146 

1,549 

2,094 

0,163 

2.072 

*0,666 

1.179 

1.549 

2,036 

0,134 

2,732 

0.787 

1.227 

1,549 

1  *956 

O.1O6 

3.724 

2,6'0,S08 

1 

0,160 

1,612 

2.241 

0,165 

2,027 

0,651 

1.193 

1.612 

2,179 

0.137 

2.645 

0.768 

1.241 

1.612 

2.095 

o.m 

3.519 

2,sjo,490 

1.172 

1.673 

2,391 

0.167 

1,9S7| 

0,637 

J.'206 

1,673 

2,324 

0.140 

t 

2.509  liO.754 

1.231 

1,673 

2.230 

0,114 

3.383 

o.O  0.-1S-1 

1 . 1  S3 

1,732 

2.336 

0,170 

1,918 

1 .920  j 

0,627 

7.213 

1.732 

2,462 

0,142 

2.513/0,742 

1.206 

1.732 

2.370 

0,117 

3.275 

3.: 

;0.475 

1,194 

1.769 

2,680 

0,171 

0,615 

1,223 

1,789 

2. 606 

0,145 

2.453  j  0,732 

1.278 

1.769 

2.506 

0.119 

3.191 

3.-, 

'0,467 

t 

1,204 

1 ,844 

2,823 

0.173 

1,895 1,0.006 

2,237 

1.841 

2,749 

0.146 

2,4!0?0.721 
2,379  jo, 713 
2.343!  0,705 
2,317iio.697 

1,288 

1.844 

2.640 

0.122 

3.103 

3,6  0,459 

1.213 

1,897 

2.968 

0,174 

1.872- 

0.598 

1,246 

1.697 

2,889 

0.148 

1.299 

1.897 

2.771 

0,124 

3.043 

3. 5*0. 452 

1,221 

1.949 

3.115 

0.175 

1 .851 

0.590 

1,256 

1.949 

3,025 

0,150 

1,311 

1.949 

2.899 

0.125 

2,985 

4.00.446 

i 

1.229 

2.000 

3.255 

0.176 

l,834jj0,584 

1,267 

2.000 

3,156 

0.151 

1.322 

2,000 

3.025 

0,127 

2.929 

4, •0,441 

1.237 

2,049 

3,395 

0.177 

1,820  lio.  577 
1,806;!  0.572 

1,276 

2,049 

3.292 

9.152 

2,287?  0,641 

1.331 

2.049 

3.156 

0,139 

2,590 

4,4  C’H3v 

1.246 

2.093 

3.534 

0,178 

1,234 

2,098 

3,427 

0,153 

2.266  j  0,685 
2,241  J 0,679 

1.339 

2,093 

3.286 

0.130 

2,849 

4,oO.'*vV>  1,253  j2,U5 

3.671 

0.179 

1 .795  iiO.SGG 

1,292 

2,195 

3,500 

0,154 

1,347 

2.145 

3.415 

0,131 

2.81! 

4.8'0.42*  l>260 

.  i 

2,191 

3,810 

0.180 

1. 784  ji  0,560 

1,300 

6,191 

3,692 

0.155 

2.217 

0.674 

1.336 

2.191 

3.540 

0.132 

2.760 

5,0  0.42, 

i 

!  1 .257 

2,236 

3.947 

0.180 

1. 773  SO. 556 
1.762j!o.551 
1,752*0.547 

1.307 

2.236 

3,825 

0,156 

2,202 

0.666 

1.3C5 

2.236 

3.662 

0.134 

2.743 

5.2,0.420;  1.27312.250 

i  i 

4.085 

0.181 

1,314 

2.230 

3,937 

0,157 

2,162 

0,654 

1.373 

2,280 

3,767 

0.134 

2.719 

5, 

1  0.4:6  1.279  2,324 

4,222 

0.182 

1.321 

2,324 

4,083 

0.153 

2,167 

JO, 659 

1.380 

2,324 

3.913 

0,135 

2.650 

o.o0,-li3j  1.2S5  '2.366 

4,358 

0,182 

1,744 

0.543 

1.328 

2.366 

4,217 

0,159 

2,151 

(o,655 

1.387 

2.366 

4,037 

0,136 

2,657 

5.6,0.410  1.292 

12,408 

4,489 

0.183 

1.136 

0.539 

1.335 

2,408 

4.345 

0,159 

2, 137(0,649 

1.395 

2.408 

4.158 

0.138 

2.634 

6,0,0,40/ 

! 1.299  2.449 

1  i 

4,619 

0.183 

1.728 

0.536 

1.342 

2,449 

4,473 

0,160 

2,126 

0.646 

1.402 

2.449 

4.279 

0.133 

2,617 

6. 

2:0,40c 

l 

1.304 

2,430 

4.755 

0.184 

1,722 

0,531 

1.348 

2,490 

4,59910,161 

2.107 

0,643 

1.408 

2,490 

4.403 

0.139 

2.601 

o.4  0,40i 

1.309 

2.530 

4,889 

0,184 

1.715 

0.529 

1.353 

2,530 

4,730 

0,161 

2.100 

0,639 

1.414 

2,530 

4,526 

0,140 

2.580 

6.6j0.400j 1.314  2.569 

5.023 

0,184 

1,710 

0,524 

1,359 

2,569 

4.857 

0,162 

2.08230,636 

s 

1.420 

2.569 

4.648 

0,140 

2,564 

l 

6.6'0.397;  1 ,520 

2.608 

5,152 

0.185 

!  1. 702'!  0,522 
1. 697lo,519 

1.365 

2.608 

4,982 

0.163 

2.075(0.633 

1,426 

2.608 

4,769 

0,141 

2.54S 

7,0!0.3S5j  1.325 

2,646 

5,283 

0,185 

1,370 

2,645 

5,111 

0.163 

2,065  jO, 629 
2.054h  0,626 

1.433 

2.646 

4.884 

0,142 

2,523 

7.2 

jO.395 

1,330 

2.683 

5.414 

0.185 

1.697 

0.516 

1,375 

2,683 

5.236 

0,164 

1,439 

2.663 

5.003 

0,142 

2,512 

7.40.391 

1.335 

2.720 

5.543 

0,186 

1,687  ^0,515 

1,380 

2,720 

5,362 

0,165 

2,051  ji  0,623 

1,444 

2.720 

5.123 

0,143 

2,497 

7.6,0.389 

1.340 

2.757 

5.612 

0,185 

1.683  J0.513 

1,385 

2.757 

5,437 

0.164 

2.014  j 

0,620 

1,449 

2,757 

5.215 

0,144 

2.4S3 

7. 8^0. 387 

1,345 

2,793 

5.799 

0,187 

1.6771 

0,511 

1,390 

2,793 

5,612 

0.165 

2.037  j 

0,6/8 

1,455 

2,793 

5.361 

0,144 

2,473 

S.0j0.335 

1.350 

2. 828 

5.927 

0,187 

1,®73, 

0.508 

1,395 

2,828 

5,735 

0. 165 

2.027  ,0.615 

1,461 

2.S2S 

5,477 

0,145 

2.453 

8.20,333 

1.354 

2.86-1 

6,056 

0,187 

1.667  ^0.506 

1,400 

2,864 

5.857 

0,166 

2.020 1 
2,013! 
2,007j 
2.000, 

0.612 

1,466 

2.S64 

5.593 

0,145 

2,444 

8.4,0.381 

1.358 

2,896 

6,186 

0,188 

1,663| 

1.657! 

0,504 

1  ,405 

2,898 

5,979 

0,166 

0.610 

1,471 

2.893 

5.710 

0,146 

2,434 

8.610.379 

1,362 

2.933 

6,314 

0.188 

0,502 

1,410 

2,933 

6,099 

0,166 

0.607 

1,476 

2.933 

5.327 

0.146 

2,420 

6.810.377 

1.7  >7 

2.966 

6.437 

0.188 

1,65330,600 

1,65020,498 

1.414 

2,965 

6,223 

0,167 

0,605 

1.43! 

2.966 

5,9-12 

0,146 

2.411 

9,0|0.376 

5.371 

3»GvfO 

6,554 

0.189 

1.419 

3,000 

6.342 

0,167 

1.993*1 

0.603 

1.485 

3,000 

6,059 

0. 147 

2,402 

9.2 

0,374 

1,375 

3.033 

6,691 

0,189 

1 .6-iO 

0,436 | 

1,423 

3,033 

0,465 

0,167 

1,957! 

0,601 

1,490 

3.033 

6,174 

0.147 

2.392 

9.4 

0.373 

1.380 

3.066 

5.812 

0,189 

1.64210,403 

1,427 

3,066 

6,587 

0,166 

1.0774 

0,559 

1,494 

3,0o6 

5,292 

0, 14S  j  2.383 

9.6j0.37Ji 

1.384 

3,093 

6,936 

0,189 

1,639 5 

0.491  j 

2.430 

3,098 

6,713 

0.163 

1,973 

0,597 

1.4SS 

1?.C9S 

3,493 

0.14S 

2.374 

9,8|0,370j 

1,387 

3,130 

7.066 

0,190 

l  ,646  1 
1.634 

j 

6 

3 

! 

C.490! 

;.43£ 

3, 139 

6,829 

0,168 

1.9674 

0,594 

1.503 

3,130 

6.520 

0,149 

2.360 

10.0 

0.369 

1,391 

3,162 

I 

7,188 

3,190 

0,488 

1.440 

3,162 

6,947 

1 

! 

0,169 

1.961 1 

0,592 

_ i 

1.50? 

3.162 

6,633 

0.149 

2,352 

'it  <v  >►>»*»  n> 


Table  XX. 8. 3  [cent.! 
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#11.9.  Finding  the  Reflection  Factor  within  the  Operating  Band  for 
a  Step  Transition 

The  reflection  factor  changes  within  the  limits  of  the  operating  band. 
The  dependence  of  the  reflection  factor  on  the  wavelength  is  found  through 


M 


/  i  r„  i«  —  f 

ir„i 


(II.9.1) 


is  the  so-called 


effective  attenuation  function 


(II.9.2)  * 

where 

T^cos  6/A)  is  a  Chebyshev  polynomial  of  the  first  type  of  nV>  order 
from  the  argument  cos  0/At 
n  is  the  number  of  steps. 


rs 

r, 

T< 


/  cos  9  1 

\  —  0 

(  cos  0  > 

r-< 

l  A  t 

1  zl 

l  A  J 

• 

I  cos  0  \ 

1  ;rt  *1  I 

f  cos  Q  y 

1* _ 3 

cos  0 

1  A  J 

l  A  ) 

A 

/  cos  9  \ 

=*8! 

'  cos  0  \ 

l‘-8l 

1  cos  0 

V  A  J 

s  A  ) 

(  A 

(11.9.3) 


where 

0  =  2nl/A  is  the  electrical  length  of  the  step} 

X  is  the  wavelength  on  the  step  line. 

Substituting  the  value  of  Tn  found  through  (II. 9.?)  in  (II.9.1),  we 
can  find  the  dependence  of  p  on  \. 


I 
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Chapter  III 

COUPLED  UNBALANCED  TWO-WIRE  LINKS 

#111.1.  General 

The  preceding  chapters  reviewed  balanced  two-wire  lines.  One  often 
encounters  unbalanced  two-wire  lines  in  practice,  and  the  computational 
apparatus  in  the  foregoing  is  unsuited  to  an  investigation  of  these  loiter 
lines. 

V 

Figure  III. 1.1  shows  examples  of  two  unbalanced  lines.  In  the  example 
in  Figure  III. 1.1a,  the  unbalance  is  the  result  of  dissimilar  conditions  at 
the  end  of  conductors  1  and  2  of  the  line,  while  in  the  example  in  Figure 
III. 1.1b,  the  unbalance  is  the  result  of  the  difference  in  the  diameters  of 
conductors  1  and  2.  There  are  other  reasons  for  an  unbalance,  such  as  .un* 
equal  potentials  at  the  generator  end  of  conductors' 1  and  2,  unequal 
heights  of  the  conductors  above  the  ground,  etc. 

(a) 


Figure  III. 1.1.  Examples  of  unbalanced  lines. 

a  -  dissimilar  conditions  at  terminations; 
b  -  dissimilar  conductor  diameters. 

Unbalanced  lines,  like  balanced  lines,  have  incoming  distributed  con“ 
stants,  inductance,  capacitance,  resistance,  and  leakage,  per  unit  line 
length.  We  will  limit  ourselves  to  an  analysis  of  unbalanced  lines, 
disregarding  their  losses  (R^  =  =  0). 

#111.2.  Determination  of  the  Distributed  Constants  and  Characteristic 
Impedances  of  Coupled  Lines 
(a)  Distributed  capacitances 

The  electrical  system,  which  is  ar.  unbalanced  line  consisting  of  two 

conductors  of  identical  length  (t),  should  be  considered  in  the  light  of 

three  different  distributed  capacitances: 

C^,  the  capacitance  of  conductor  1  per  unit  length  of  the  system; 

Cn,  the  capacitance  of  conductor  2  per  unit  length  of  the  system; 

C  ,  the  capacitance  between  conductors  1  and  2  per  unit  length  of  the 
12  ' 
system. 

In  order  to  find  capacitances  C  ,  C  ,  and  C  let  us  use  equations  which 

1  u  lb 

associate  the  static  charges  and  potentials  in  the  system  of  conductors  with 


\  1 


/ 
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each  other.  In  the  case  of  two  conductors,  these  equations  are  in  the  fora 


V\  “  <h  9n  +  ?a ?i» 
Vt  =  <7a 


(III. 2.1) 


where 


and  V  are  the  potentials  for  conductors  1  and  2 j 
is  the  linear  charge  density,  conductor  1} 
q2  is  the  linear  charge  density,  conductor  2; 

9^  ij  the  linear  potential  factor  for  conductor  1,  numerically  equal 
to  the  potential  induced  in  conductor  1  by  its  own  charge  with* 
linear  density  equal  to  one; 

<P2 g  is  the  linear  potential  factor  for  conductor  2,  numerically  equal 
to  the  potential  induced  in  conductor  2  by  its  own  charge  with 
linear  density  equal  to  one;  ,1 

cp12  is  the  mutual  linear  potential  factor,  numerically  equal  to  the 

potential  induced  in  conductor  1  by  the  charge  on  conductor  2  with 
linear  density  equal  to  one; 

cp21  is  the  mutual  linear  potential  factor  numerically  equal  to  the 

potential  induced  in  conductor  2  by  the  charge  on  conductor  1  with 
linear  density  equal' to  one.  * 

Potentials  cp^,  922,  cp12,  p21  can  be  found  through  Academician;  M.  V. 
Shuleykin's  method,  as  well  as  by  other  known  methods.^  When  the  lengths  of 
conductors  1  and  2  are  the  same,  912  =  ^21’  i 

We  should  note  that  it  is  not  mandatory  for  conductors  1  and  2  to  be 
single  conductors.  Each  conductor  can,  in  turn,  consist  of  a i by stem  of 
conductors  under  a  common  potential.  ,  '  \ 


Solving  equation  (III.2.1)  for  q  and  q_,  we  obtain 

JL  2 


where  . 


7.“^  Vi-'ifVx 

A  A 


A  =  <?«?**  ~  ?u?:i  =  ?u?aa  —  <fij. 


(III. 2. 2) 


From  formula  (III. 2. 2),  cp22/A  is  the  charge  incoming  per  unit  length  of 
conductor  1,  when  the  potential  on  this  conductor  is  equal  to  one,  and  tho 
potential  on  conductor  2  is  zero;  that  is,  there  is  capacitance  for  ccn- 
ductor  1  per  unit,  length  of  the  system. 

Similarly,  cp^/A  is  the  capacitance  for  conductor  2  per  unit  length 
of  the  syster,  and  <P12/a  3  <p2J/A  the  mutual  capacitance  between  con¬ 
ductors  1  and  2  per  system  unit  length. 


1.  A.  A.  Pistol'kors.  Antennas.  Svyaz'izdat,  pp.  227-23& 


\ 

w 
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Accordingly, 

Ct  =i  2«  « - v”  ... 

^  VuVn  “  ?n 

C2  =  —  - - — 

4  Vu?„  —  T|j 

r  =?!*.=,  Vn 

t'i«  — t*  =■  r 

4  ■  ?n?>»  —  fit 


(III. 2.3) 


From  formula  (III.2.3),  if  the  mutual  capaci^ vice  between  conductors  1 
and  2  ia  zero,  corresponding  to  cp  =  0, 

1  Ct 


(III. 2.4) 


?ji  / 

wiiPi'n  2  And  C,,y  Arn  the  capacI tniicns  o/  conductors  .1  and  2  per  unit 
length  when  there  is  no  link  between  them;  that  is,  these  are  the  capacitances 
of  single  conductors  1  and  2  per, unit  length. 

When  V  and  2  are  measured  in  volts  and  coulombs  per  meter,  respectively, 
and  ^  is  in  meters,  C  is  in  farads  per  meter. 


(b)  Distributed  inductances  and  line  mutual  inductance 
Two  magnitudes  'which  characterize  the  distributed  inductance  in  an 
unbalanced  lino  must  bo  considered: 

bj0i~  the  inductance  of  conductor  1  per  unit  length,  the  influence  of 
conductor  2  not  considered; 

t 

L20’  the  inductance  of  conductor  2  per  unit  length,  the  influence  of 
conductor  1  not  considered. 

The  distributed  mutual  inductance  of  an  unbalanced tline  can  be  characterized 
by  the  magnitude  M^,  which  is  the  mutual  inductance  pier  unit  line  length. 

Using  the  known  relationship 

1» j  (henries/meter)  (farads/meter)  «  l/9*10^(seconds^/meter**) 
and  taking  equation  (XU. 2. 4)  into  consideration, 


Similarly, 


Liq  —  ■ 


I 

*-?»  ‘ 


M 


u  - 


9- 10“ 

?u 

1 

"  9- 10“ 

?» 

1 

10“  ilt' 

(III. 2.5) 


(XI. 2. 6) 


i 


WSW»“ 
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t 


(c)  Line  characteristic  impedances 

A  lossless  unbalanced  line  consisting  of  two  systems  of  conductors 
has  three  characteristic  impedances  which  can  be  found  through  formulas 
(III. 2.3),  (II. 2.5)  arid  (1.2.10): 


i 

1  ' 

Vufn  — 

2»_ 

=  3-10*0, 

3-10* 

¥n 

1 

1 

fit 

3.10*0, 

=  3- 10* 

¥u 

• 

1 

1 

¥nft» — 

(.2 

?I2 

=  3.10*C„ 

=  310* 

fit 

(III. 2.7) 


where 


W  is  the  characteristic  impedance  of  conductor  1  of  the  system; 

V2  is  the  characteristic  impedance  of  conductor  2  of  the  system; 
is  the  mutual  characteristic  impedance  of  conductors  1  and  2  of 
the  system. 

If  the  mutual  capacitance  between  conductors  1  and  2  equals  zero 

(C  «*  0),  by  substituting  the  values  for  C  '  and  C  ,  taken  from  equation 
±6  X  2 

(III. 2.4)  in  the  case  cited,  we  obtain 


Wt  -  V»  • 

V,  -  W'ao  = 


I 

3-IO*C„ 

1 

3-  10*C„ 


3-10* 

3¥?!l 


(111.2*8) 


When  C  falls  to  zero,  W  becomes  infinite. 

lb  lb 

Example  1.  Compute  the  linear  potential  factor  for  the  unbalanced  line 
shown  in  Figure  III. 2.1. 


Figure  III. 2.1.  Schematic  diagram  of  an  unbalanced  line. 


Tne  line  consists  of  two  systems  of  conductors.  The  first  system  (l)  con¬ 
sists  of  eight  conductors,  diameter  d  =  7.8  mm,  length  t  =  120  meters,  con¬ 
nected  in  parallel  and  positioned  to  form  the  generator  of  a  cylinder  of 
diameter  D  «  150  cm.  The  second  system  (2)  consists  of  two  conductors  of 
the  same  diameter  and  length  as  the  conductors  in  the  first  system,  and  these 
are  connected  to  each  other.  The  conductors  in  the  second  system  are 
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parallel  to  tho  conductors  in  the  first  system  and  positioned  close  to  the 
center  of  that  system.  The  distance  between  the  conductors  in  the  second 
system  is  a  =  20  cm. 

1.  Find  the  linear  potential  factor  for  the  first  system 

The  average  potential  induced  in  conductor  1  (fig.  111. 2.1)  by  its  own 


charge  equals 


'  <pllav  “  9-10*  2di  ^  in -——0.307 j=9.J0»-20»„ 


where 


or ^  is  the  linear  charge  density  for  each  of  the  conductors  in  tho  first 


system 


CT1  =  qi/8. 


The  distance  between  conductors  Z  and  II  and  1  and  VIII  equal 

D  360 

attt  “?/ vttt  “2—  sln  8-2  “57  Cn}' 


The  average  potential  induced  in  conductors  II  or  VIII  by  conductor  I 


equals 


7/  //.,  *=*  ft  0-10*2^  f  In  - 0.307  j  =  9-lOMOi,. 


Similarly  we  find 

V/  ///«*=  ft  9-10»  •  8,831,;  y,  ,Vc^  =.  y,  yt  a(,«  9-10'<8,31«t; 

ft  Vay  —  9-i0‘-8.16i,. 

The  total  average  potential  on  conductor  I  from  the  charges  carried  by 
the  conductors  in  the  first  system  equals 

1  V/*„=  9-  1°’ (29  +  2-10 *  2-8,83 * 2-8.31  +  8. 15) o,  «  9- I0»-S2,6d, -J 
=  9.10M0,33<?,.  . 

Since  all  the  conductors  in  the  first  system  are  symmetrically  positioned, 
their  average  potentials  are  the  same.  Accordingly,  cpj  is  the  average . 
potential  for  the  entire  first  system. 
r  The  linear  potential  factor  for  the  first  system  equals 

Vu  =  9  •  109  •  10f33. 


2.  Find  the  linear  potential  factor  for  the  second  system  of  conductors 


(<p22)! 


equals 


(l)  The  average  potential  for  the  second  system  from  its  charge 


.  ?,*/  -  9- 10*21,  J2  f  In  —■  —  0,307  j-+  In  —  j  =." 
.  =9.l0>.32,2i,»9.J0*-16,l*, 


where 


<7^  is  the  linear  charge  density  for  each  of  the  conductors  in  the  second 
system. 


1.  All  formulas  cited  here  for  potential  calculations  were  obtained  using 
Howe1 s  method. 
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I  is  tiio  current  flowing  in  conductor  1}  I  that  flowing  in  conductor  2. 
1  & 

Let  us  select  an  infinitely  small  alement  of  an  Unbalanced  line  at 
distance  z  from  its  end. 

The  potential  drop  across  element  dz  of  conductor  1  equals 


'  dV i  =  l  i\Xkdz  4*  i 

'  where 

il  ll^dz  is  the  eraf  of  self-induction  in  element  dz; 
il^X^dz  in  the  emf  of  mutual  induction  in  element  dz. 

Dividing  both  sides  of  the  equality  by  dz,  and  designating  Vj  >.  / dz, 


Ki-lX./.  +  iX,,/,. 


(III. 3. 3) 


Similarly 

V2sm  iX»/»  + iX„/j.  (Ill, 3.4) 

The  change  in  the  current  flowing  in  element  dz  of  conductor  1  equals 

■  dlx  =  /[dz  =  i  bxVxdz  —  1 btxVxdz, 

where 

^blVldZ  is  the  currsnt  learns®  due  to  the  capacitance  of  the  element  of 
conductor  1  to  ground; 

ib  V  dz  is  the  current  leakage  due  to  the  capacitance  of  the  element  of 
12  d* 

conductor  1  to  conductor  2. 

Dividing  both  sides  of  the  equality  by  dz, 


/i=>!W,-i&»V  *  (III.3.5) 

Similarly, 

f,-lb,Vt—ibnVi.  (111.3.6) 

The  minus  signs  in  front  of  the  second  terms  in  the  right-hand  sides 
of  equations  (III. 3.5)  and  (111.3*6)  are  taken  from  the  signs  in  the  equations 
at  (III. 2. 2).  The  minus  sign  means  that  mutual  capacitance  causes  a  re¬ 
duction  in  current  leakage  in  the  case  of  potentials  with  the  same  names, 

Let  us  reduce  these  equations  to  a  form  which  will  be  convenient  for 
analysis  in  order  to  integrate  the  differential  equations  at  (III.J.3)" 

(III. 3. 6).  Let  us  differentiate  equations  (III.3.3)  and  (III. 3. 4)  with 
respect  to  z,  and  substitute  the  expressions  for  Ij  and  1^  from  equations 
(III. 3. 5)  and  (III. 3. 6).  Carrying  out  the  operations  indicated,  and  making 
the  transformations, 


I j*  \ 


HA-008- 68  61 

These  equations  are  second-order  homogeneous  linear  differential  equations. 
They  can  be  satisfied  by  the  followino  functions 


l/,  =  cos  a  2  +  i  Z?!  sin  a  7 
Vi  =  At  cos  a  z.-f-  i  B-„  sin  a  z 


(111.3.8) 


where  4^,  A^,  and  80  are  constants  of  integration  which  can  be  found  from 
the  conditions  at  the  ends  of  conductors  l  and  2. 

Substituting  the  expressions  V  and  from  (IXIJ3.8)  in  equations 
(III. 3. 3)  and  (111,3.4),  and  solving  them  with  reaped  to  1^-  and  I^, 


1  COS  a  z  -|-  i  | 

f  A, 

At  1 

j  sina  z  | 

(” 

* 

~  V,»  J 

|  cos  a  z  +  i  | 

_ Ax.' 

I 

|  sina  z  j 

I 

Vni 

Formulas  (ill. 3.8)  and  (III. 3. 9)  were  derived  by  A.  A.  Pistol'kors. 


#111.4.  In-Phase  and  Anti-Phase  Waves  on  an  Unbalanced  Line 

Analysis  of  how  unbalanced  lines  function  can  often  be  simplified  by 
introducing  the  concept  of  in-phase  and  anti-phr.se  waves.  The  in-phase  wave 
on  a  twin  line  is  a  wave  in  which  the  currents  and  the  potentials  for  any 
cross  section  of  the  lint  are  identical  in  absolute  magnitude  and  phase  for 
both  conductors  (fig.  III. 4. la). 


Figure  III. 4.1.  In-phase  (a)  and  anti-phase  (b)  waves  on  a  line. 

The  anti-phase  wave  on  a  twin  line  is  a  wave  in  which  the  currents  and 
the  potentials  for  any  cross  section  of  the  line  are  identical  in  absolute 
magnitude  but  opposite  in  phase  for  both  conductors  (fig.  III. 4. lb). 

Regardless  of  the  current  and  potential  distributions  along  conductors  1 
and  2,  we  can  represent  them  as  the  sum  of  two  components,  the  in-phase  com¬ 
ponent,  and  the  anti-phase  component.  In  fact,  lei  V  and  V  ,  the  potentials 
for  conductors  1  and  2,  be  functions  of  z. 

Obviously,  we  can  also  find  those  magnitudes  of  and  which  satisfy 
the  relationships 


Vx  =  V'  -i,  V „ 


(III.4.1) 
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for  any  values  of  and  V^. 

Solving  (113. 4.1)  with  respect  to  Vc  and  V  , 


^  =  Y  OA  +•  Vt) 

K=Y{V'~Vi) 


(III. 4. 2) 


where 


is  the  in-phase  potential; 
is  the  anti-phase  potential. 

Accordingly,  the  potential  across  each  conductor  can  be  split  into 
two  components,  one  of  which  has  identical  values  of  absolute  magnitude  and 
phase  for  both  conductors,  while  the  other  has  values  wnich  are  identical 
with  respect  to  absolute  magnitude,  but  opposite  in  phase. 

The  in-phase  and  anti-phase  currents  can  be  expressed  in  terms  of  similar 
formulas 


A  a  Y  (A  4*  A) 

A~f(A-/J 


- (111.4.3) 


Substituting  the  expressions  for  V  ,  V  ,  I  and  I  from  equations 

X  <2  i  & 

(III. 3. 8)  and  (III. 3. 9)  equations  (111.4.2)  and  (III. 4. 3),  we  obtain 


• '  V t  —  y  £(<4i  -f  AJ  cos  a  z  +  i  {fix  4-  B2)  sin  a  z 
V„  =  ~  —  A})  cos  a  z  -f-  i  (8,  — fl3)sin  az 


=  _L 
=  2 

Hi-i) 

+  bJ-L 

V, 

-LV 

IF,,/. 

jeosaz 

4-i 

\Al  (± _ L\ 

A-  A  (  1 

I  ' 

il  '•  ) 

\  1  tin  ft  7 1 

L  '  V»  ) 

V,,/ 

1  I  5IU 

•  1 

a  — 

2 

{K+£> 

—  B)(~ 
\Vu 

4- 

Vitl. 

jcosaz4- 

4- » 

[/1,(^+^r) 

-A>(± 

4- 

I  ' 

v»  - 

sinazj 

(III. 4.4) 


(III.4.5) 


#111.5.  Examples  of  Unbalanced  Line  Computations 

Example  3.  Find  an  expression  for  the  voltage  and  current  in  a  line, 
the  sketch  of  which  is  shown  in  Figure  III. 1.1a. 

Solution.  Let  be  the  line  load  and  I,  .  the  current  flowing  in  the 
line  load.  Conductors  1  and  2  have  characteristic  impedances  W  ,  W  ,  and 

X  o 
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<t/ 


Lot  us  use  the  boundary  conditions  at  the  beginning  and  end  of  the  line 
to  find  the  constants  A^,  A^,  B^ ,  and  B^  in  formulas  (III. 3*8)  and  (111.3*9) • 
At  the  end  of  the  line,  where  z  =  0, 


1 

\ 


l 

l 

\ 

i 

l 

I 

t 


i 

i 

* 

r 


l 


0 


v,  a  i.». 

1  A  2 

I,  =  I,  . 

1  load 


hm0 


(III. 5.1) 


At  the  beginning  of  the  line,  where  z  <=  l 

I.  =  -1„  . 


(III. 5. 2) 


Substituting  the  expressions  for  V  ,  V  ,  I  ,  and  I  from  formulas 

JL  1 

(III.3.8)  and  (ill. 3. 9)  in  formulas  (III. 5.1)  and  (III. 5. 2),  and  assuming 
z  =  0,  or  z  "  l,  respectively,  we  obtain  a  system  of  equations  for  finding 
'  the  sought-for  constants 


!  ==(h._JL\ 

load  \yt  H7lt ) 


B , 


IF,  IF„ 

+[(^~utr)wai+i(n“^;)5ina/]“0 


(III. 5.3) 


Using  the  system  at  (III. 5.3)  we  can  find  the  constants  of  integration, 
and  using  formulas  (III. 3. 8)  and  (III. 3. 9),  we  can  find  the  potential  and 
current  distributions  in  any  of  the  conductors.  These  expressions  are  complex 
in  their  general  form,  and  will  not  be  cited  here. 


Figure  III. 5.1.  Schematic  diagram  of  a  shielded  coaxial  line. 

Example  4.  Find  expressions  for  the  voltage  and  current  for  a  shielded 
coaxial  line,  the  schematic  diagram  for  which  is  shown  in  Figure  III. 5*1. 

1  is  the  line's  shield,  2  is  its  inner  conductor. 

Solution.  Let  us  introduce  the  notation: 

U  is  the  voltage  applied  to  the  line; 
is  the  impedance  of  line  grounding; 
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7-0  is  the  line  load; 

!  is  Lim  line  lollytii. 

Conductors  1  and  2  have  characteristic  impedances  W  ,  W  ,  and  W  . 

12  12 

Line  unbalance  can  be  established  by  the  non— identity  of  the  distributed  con- 
stants  on  conductors  1  and  2,  wherein  /  W^,  and  one  of  the  conductors 
(conductor  1  —  the  line  shield)  is  grounded  through  impedance  Z^  at  the  point 
where  the  eraf  is  sunplied. 

Let  us  assume  that  the  inner  conductor  is  completely  shielded,  that  is, 
that  the  shield  is  solid,  and  C  =  C  ,  so 

6  lb 


W2  "  W12‘ 


(111.5.4) 


The  general  equations  for  the  unbalanced  line  (III. 3. 8)  and  (III.3.9), 
express  tne  current  and  potential  distributions  for  the  line. 

The  line's  boundary  conditions  ares 
at  the  termination,  where  z  =  0 


./»  =  —  /,  }'  ; 


(III.5.5) 


at  the  source,  where  z  =  l 


Vt-Vx~U 
IA  =  -(/i4-A)Zi 


(III. 5. 6) 


Substituting  the  expressions  for  V  ,  V  ,  I  and  I  from  (III.3.8) 
and  (III.3.9)  in  formulas  (III. 5*5)  and  (111.5.6),  and  assuming  that  z  ■=  0, 
or  that  z  =  1 ,  respectively,  we  obtain  a  system  of  equations  for  finding 
the  constants  of  integration. 

The  solution,  with  formula  (111.5.4)  taken  into  consideration,  yields 
the  following  expressions  for  the  constants  of  integration 


dj  =  0,  B,  =  U  — — 


,1.  =  0,  A,  =  U 


■  COS  a  l  -|-  i  si, I  a  l 


W,  7. ,  ■  . 

—  COS  a  l  i  sin  a  /  | 

) 


(III. 5.7) 


Substituting  (III.5.7)  in  equations  (III. 3. 8)  and  (III. 4. 2),  we  obtain 

expressions  for  the  potentials  across  the  outer  and  inner  conductors  of  the 

•  line,  V  and  V  ,  as  well  as  for  V  and  V  .  V,  proves  to  be  zero.  This  is 
x  d  c  n  1 

as  expected,  because  in  the  case  of  a  complete  shield  all  the  electrical 
lines  of  force  between  the  line's  inner  conductor  and  its  shield  are  contained 
within  the  shield  (they  do  not  penetrate  beyond  the  shield).  Accordingly, 

V2  is  the  anti-phase  voltage  across  the  line  (U  ).  The  expression  for  U  is 


we+wtyiw*  'it 


•  ^  r^f  w  rA’»"  * '"' 
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/, COS  l  Z  i-jjf  1  silLli_ 

U„  ~  X,  -  F,  -  V's  -■  u  -/t~  ,.  I ...  1 1/,  sin  a  l 


(111.5.8) 


Substituting  formula  (111.5*7)  in  (III. 3*9)  and  (III. 4.;),  we  obtain 

the  expressions  for  I.  and  I-,  as  well  ns  thoao  for  I  and  I  .  Further, 
12  c  n 

Io  “  -^5  lc  °  0,  and 


/  ~  U7,  cos  a  z  -[m  Z,  sin  a  z 

n  IP,  2, cos i  l  -(- 1  IP, sin* /  •’ 


(m.5.9) 


The  line’s  input  impedance  equals 


<4(,-q  /,  cos  i  /  -j-  i  IP,  sinW 

/  1  1  IF,  ros  o  /  -j-  i  Z,  sin  a  / 


(III. 5* 10) 


From  formulas  1111.5.8)  and  (111.5.10)  we  see  that  in  the  case  of  con— 
plete  shielding  of  the  line's  inner  conductor  the  expressions  for  voltage, 
current,  and  input  impedance  for  the  shielded  line  coincide  with  the  cor¬ 
responding  expressions  for  the  conventional  twin  (balanced)  line. 

Let  us  note  that  the  results  obtained  do  not  change  if  the  line  is 
grounded  at  some  point  other  than  at  the  point  of  supply.  We  can  prove  this 
by  considering  the  condition  at  (XXX. 5.6) ,  related  to  some  point  z  >=  z^ 
rather  than  to  the  point  z  =  l . 

The  foregoing  formulas  wore  obtained  fojf  an  arbitrary  Z It  is 

apparent  that  they  will  remain,  valid  when  Z  -  C-,  which  corresponds  to  the 

»  * 

ideally  grounded  line,  and  when  Z ^  =  m,  which  corresponds  to  the  ungrounded  . 
line. 

So,  from  what  has  boor,  discusses  here,  we  can  use  the  computational 
apparatus  of  the  theory  of  two-wire  balanced  lines  in  ‘the  case  of  a  completely 
shielded  inner  conductor  of  a  shielded  line. 

The  analysis  made  aid  not  consider  the  conductivity  to  ground  of  the  emf 
source  and  line  load.  When  these  conductivities  are  taken  into  consideration 
the  analysis  of  the  shielded  line  gets  complicated  and  the  computational 
apparatus  of  the  theory  of  two-wire  balanced  lines  would  have  to  be  discarded, 
even  iu  the  case  of  complete  shielding  of  the  inner  conductor. 

Example  5*  Find  the  transmittance  of  a  multi-conductor  unbalanced  line. 
Often  used  to  feed  unbalanced  antennas  are  unbalanced  transmission  lines 
rather  than  cables.  Here  the  solid  shielded  conductor  is  replaced  by  a 
series  of  conductors  positioned  around  an  inner  conductor  consisting  of  one, 
or  of  several  conductors.  The  shielding  conductors  are  grounded  at  the 
transmission  line  source  mid  termination,  the  diagram  of  which  is  shown  in 
Figure  III. 5. 2. 

In  lines  such  as  these,  because  the  grounded  shield  is  not  solid,  only 
some  of  the  current  flowing  along  the  inner  conductor  has  the  shield  as  the 
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return.  The  rest  of  the  current  has  the  ground  as  its  return.  It  is  of 
interest  to  find  the  ratio  of  the  current  with  the  ground  return  to  the  total 
current  flowing  on  the  inner  conductor.  The  higher  this  ratio,  the  greater 
the  loss  to  ground. 


Figure  111.5.2.  Schematic  diagram  of  an  unbalanced  line.' 

Solution.  The  current  with  the  ground  return  is  the  in-phase  component 

of  the  current  {lc).  Accordingly,  the  problem  is  one  of  finding  the  ratio 

I  /I  .  We  shall  call  this  ratio  the  shield  transmittance, 
c  2 

In  the  case  given 


vi  *o- 


(III. 5.11) 


From  formula  (111.3.8),  and  considering  (III.5.11),  we  obtain  »  0. 

Equations  at  (III.3<>9)  can  be  transformed  into 


h  =  —  (#»  cos  a  z  +  I  /l,  sin  a  z) 

"l* 

/,  <=•  j™  (0t  cos  a  1 4-  i  A,  sin  a  *) 


(III. 5.12) 


The  in-phase  component  of  the  current  equals 

/,=  -j(/l-M^=Y(^-i^-)(fl.t os.t  +  l/Mn.*).  (in. 5. 13) 

The  anti-phase  component  of  the  current  equals 

/;.“^(^-'»>--y(^  +  ^)(fl.cos«i-H,t,s!n«*).  (ih.5.14) 


From  formulas  (III. 5. 12)  and  (III. 5.13)  the  ratio  of  the  in-phase  current 
to  the  total  current  flowing  on  the  inner  conductor,  that  is,  the  transmittance, 
equals 


ic.  Pr.-y. 

t,  “  21F„ 


(III. 5. 15) 


The  ratio  of  the  in-phase  component  of  the  current  to  the  anti-phase 
component,  from  formulas  (III. 5.13)  and  (111.5.14),  equa'.s 


h. 

/„  lF,,  +  tF,  ‘  (111.5.16) 


The  ratio  of  the  current  flowing  in  the  shield  to  the  current  in  the 
inner  conductor  from  formula  (III. 5. 12),  equals 
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VX2  "  -Vvi2‘ 


(7X1.5.17) 


In  the  case  of  the  line  ba.3ed  on  the  data  from  examples  1  and  2,  we 
obtain  the  following  quantitative  relationships 
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Chapter  IV 
RADIO  WAVE  RADIATION 


#IV.l.  Maxwell's  First  Equation 

Heinrich  Hertz,  in  1887,  established  experimentally  that  it  was  possible 
to  radiate  radio  waves,  that  is,  to  radiate  and  propagate  free  electromag¬ 
netic  fields  in  space.  He  established  the  theory  of  the  elementary  radiator 
of  radio  waves  now  known  as  the  Hertz  dipole.  Hertz,  in  his  investigations, 
relied  on  the  writings  of  James  Clark  Maxwell,  who,  in  l873i  published  his 
"Treatise  on  Electricity  and  Magnetism."  Maxwell's  contribution  was  a  mathe¬ 
matical  theory  for  the  electromagnetic  field.  He  formulated  the  relationships 
between  the  strengths  of  electric  and  magnetic  fields,  and  the  densities  of 
current  and  charge,  in  the  form  of  a  system  of  equations  known  as  the  Maxwell 
equations.  It  is  from  these  equations,  as  well  as  from  subsequent  work  done 
by  Poynting,  and  other  scientists,  that  the  possibility  of  obtaining  electro¬ 
magnetic  waves  derives.  Hertz  provided  the  experimental  confirmation. 

The  initiative  and  the  practical  solution  to  the  problem  of  using  radio 
waves  for  communications  purposes  belong  to  the  Russian  scientist  Aleksandr 
Stepanovich  Popov,  who  built  the  world's  first  radio  communication  line. 

It  was  he  who  suggested  and  built  transmitting  and  receiving  antennas 
in  the  form  of  unbalanced  dipoles.  These  are  still  widely  used  in  various 
fields  of  radio  engineering.  The  theory  of  these  antennas  is  based  directly 
on  the  work  done  by  Maxwell,  Hertz,  and  Poynting. 

Maxwell's  first  equation  expresses  the  dependence  between  the  integral 
of  the  closed  circuit  magnetic  intensity  vector  and  the  magnitude  of  the 
current  penetrating  this  circuit.  * 

Prior  to  Maxwell's  treatise  this  dependence  could  have  been  formulated 
as  follows. 

The  line  integral  of  the  magnetic  intensity  vector,  H,  for  the  closed 
circuit,  L,  equals  the  current,  i,  penetrating  this  circuit.  Analytically, 
this  law  can  be  expressed  through  the  formula 

^  H(dl  >=»V'  ~  (IV.1.1) 

where 

Hj  is  the  component  of  the  magnetic  intensity  vector  tangent  to  the 
element  dl; 

dl  is  an  element  in  the  path  of  the  closed  circuit  L; 

i  is  the  current  penetrating  the  circuit. 

Maxwell  provided  a  generalized  formulation  of  the  law  which  associates 

I 

magnetic  field  strength  with  the  current,  the  while  expressing  it  in  differen¬ 
tial  form.  The  generalization  provided  by  Maxwell  reduces  to  the  following. 


(-i  m  r.*A«  l V ;^<?'  « r  i  J ,  JUS W  -  *• !  *- 
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Pri°r  to  Maxwen’3  formulation  this  law  considered  nothing  other  than 
the  conduction  current.  Maxwell,  in  his  formulation,  took  displacement 
current,,  i«‘c  consideration.  Using  Faraday's  writings  as  his  base,  Maxwell 
assumed  that  so  far  as  the  formation  of  the  magnetic  field  was  concerned  the 
displacement  current  was  equal  in  value  to  the  conduction  current. 

An  example  of  an  electrical  system  in  which  the  displacement  current 
prevails  is  that  of  a  condenser  in  an  alternating  current  circuit.  The 
alternating  current  can  circulate  between  the  plates  of  the  condenser,  even 
when  they  are  separated  by  a  perfect  dielectric,  or  are  in  a  vacuum,  so  no 
conduction  current  can  form.  Another  example  in  which  the  displacement 
current  plays  a  significant  role  is  that  of  the  circuit  shown  in  Figurb  IV.1.1. 

Here  the  alternating  emf  is  applied  across  the  conductor  and  the  conducting 
surface.  The  current  flows  over  part  of  the  path  in  the  form  of  the  con¬ 
duction  current,  i,  along  the  conductor  and  along  the  conducting  surface, 
and  over  part  of  the  path  in  the  form  of  the  displacement  current,  id,  in 
the  space  between  the  conductor  and  the  surface.  •  4 


figure  IV.l.i.  Example  of  a  circuit  in  which  the  displacement 
current  plays  a  significant  role. 

A  -  V 

Strictly  speaking,  the  displacement  current  flowing  in  a  circuit  is 
alternating  current.  For  example,  even  in  an  inductance  coil,  in  which  most 
of  the  current  flows  along  the  conductors  in  the  form  of  conduction  currents, 
som-  of  the  current  always  flows  through  the  interturn  capacitance  in  the 
form  of  a  displacement  current*  • 

The  displacement  current  is  proportional  to  the  product  of  the  rate  of 
cbonpe  in  electric  field  strength  and  the  permittivity  of  the  medium. 

i’,“  current  density  for  m\  ieotropio  medium  oan  be  expressed 

.  "o  -'>•'■  really  by  the  formula 

j , 

d  ‘dt  dt’  (IV. 1,2) 

where 

E  is  the  electric  field  strength  vector; 

D  =  eE  is  the  electric  displacement  vector; 
jd  displacement  current  density; 

e  is  the  dielectric  constant  of  the  medium. 
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From  equation  (IV. 1.2),  the  unique  current,  the  displacement  current,  the 
numerical  value  of  which  can  be  found  through  this  equation,  corresponds  to 
the  alternating  electric  field. 

So,  in  accordance  with  Maxwell's  opinions,  formula  (IV.l.l)  is  exceptional 
because  it  does  not  take  displacement  currents  into  consideration.  In  general 
form  the  ratio  of  H  to  i  must  be  formulated  as  follows 


(IV.1.3) 


where 


i  and  i.  are  the  conduction  and  displacement  currents  penetrating 
d 

circuit  L. 

Equation  (IV. 1. 3),  expressing  Maxwell's  first  law,  was  derived  for 
application  to  a  circuit  with  finite  dimensions. 

Maxwell  derived  this  equation  in  differential  form  for  application  to  a 
point  in, space. 

Let  us  transform  equation  (IV.1.3)  so  it  will  be  applicable  to  an 
infinitely  small  circuit,  to  a  point.  Let  us  imagine  plane  circuit  en¬ 
compassing  an  element  of  area  AF,  the  spatial  orientation  of  which  is 
characterized  by  direction  n,  normal  to  its  surface  (fig.  IV. 1.2). 


Figure  IV. 1.2. 


* 


Let  the  normal  components  of  the  displacement  current  density  vector 
and  the  conduction  current  density  vector  remain  constant  within  the  limits 
of  area  ^F.  Then  the  sum  current  flowing  normal  to  area  AF  equals 


i  r  JAF, 

n  n  a 


(iv.i.4) 


where 


j  is  the  conduction  current  density  for  the  current  flowing  in 
direction  n; 

j  ^  is  the  displacement  current  density  for  the  current  flowing  in 
direction  n. 

The  current  densities  j  and  j  ,  are  associated  with  the  electric  field 

n  n  d 

strength  by  the  relationships 


•*&  dt  dt 

i 


(iv.1.5) 

'  (IV.i.6) 


where 


Yv  is  conductivity,  measured  in  mbo3  per  meter  (mhos/m). 


o 


i|gy^nn»il  ■ ' ■ 
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***■ 


I  ; 

**,  s 


Substituting  the  value  for  j  ,  from  formula  (IV*1#6)  in  formula 

n  o 


(iva.4)# 


In  accordance  with  (IV. 1. 3),  we  have 


(iv.1.7) 


(iv.1.8) 


Dividing  the  right  and  left-hand  sides  of  equation  (IV.1.8)  by  &F 
and  assuming  that  AF  tends  to  zero, 


fn,dl 

A/7  dt* 


(IV. 1.9) 


The  expression  shown  in  the  left-hand  side  of  equation  (IV, 1.9)  is 
called  the  component  of  curl  H  in  direction  n,  normal  to  the  plane  in  which 
circuit  L  is  located,  and  designated  rot^H. 


Accordingly, 


ro(aH~/„-f 


(iv. 1.10) 


Equation  (IV.1.10)  was  composed  as  applicable  to  arbitrary  direction  n. 
Shifting  to  a  rectangular  system  of  coordinates,  x,  y,  z,  we  obtain 
the  following  three  equations 


rot,  H  ==  /,  -f  } 


ao. 


(iv.1.11) 


where  rot  H,  rot  _H,  rot  H,  j  ,  j  ,  j  ,  D  ,  D  r,  and  D  are  the  components  of 
x  y  z  x  y  z  x  y  z 

rot  H  and  of  vectors  j  and  D  on  the  x,  y,  and  z  axes* 

The  relationships  expressed  by  the  system  of  equations  at  (IV.l.ll)  can 
be  written  in  vector  form  as 

3D 


rotH.=  j'+ 


St 


(IV.1.12) 


The  equality  at  (IV. 1.12)  is  Maxwell's  first  law. 

We  know  from  vector  analysis  that  the  components  of  the  curl  of  some 
vector  A  in  the  rectangular  system  of  coordinates  can  be  determined  as 
follows 

rot,, 


rot. 


SA, 

_  SAy 

Sy 

'  St 

SA, 

SAt 

dz 

dx 

BAy 

'  SAx 

dx 

.  ■  *y 

(IV.1.13) 
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Substituting  equation  (IV. 1.13)  in(  (iV.l.ll),  we  obtain  the  following 
differential  equations,  which  associate  the  components  of  vectors  H,  j,  and 

D 


M,  d/{,  _  .  SDX  ' 

dy  dz  lx  dt 

dz  dx  *  dt 

My  _dJljLa  l 

dx  dy  dt  . 


(IV.1.14) 


7?iV.2.  Maxwell's  Second  Equation 

Maxwell's  second  equation  is  the  formulation  of  Faraday's  law,  which 
associates  the  changing  magnetic  field  and  the  changing  electric  field 
induced  by  it. 

Faraday's  law  can  be  written 

j'Ecdl  =  —*±'  (IV.2.1) 

where 

Ej  is  the  componenti-of  the  electric  field  strength  vector  tangent 
to  element  dt  of  circuit  L,  which  encloses  area  AF» 

§  is  the  magnetic  flux  which  penetrates  circuit  L; 
jlEjdl  is  the  eraf  throughout  the  closed  circuit  L,  induced  by  the  changing 
L  magnetic  field  penetrating  this  circuit. 

Equation  (IV. 2.1)  can  be  formulated  as  follows.  The  emf  across  the 
closed  circuit  equals  the  rare  of  change  in  the  magnetic  flux  penetrating 
this  circuit.  ’ 

Faraday  derived  this  law  during  experiments  with  conductors  placed  in 
a  changing  magnetic  field. 

Maxwell's  second  equation  expresses  the  relationship  at  (IV. 2.1)  in 
differential  form.  To  obtain  the  second  equation  we  will  write  (IV.2.1) 
so  it  will  to  applicable  to  plane  area  AF,  the  orientation  of  which  in  space 
.is  in  some  direction  n,  perpendicular  to  its  surface  (fig.  IV.2.1). 


Figure  IV.2.1.  Derivation  of  Maxwell's  second  equation. 

The  magnetic  flux  penetrating  area  AF  can  be  expressed  as 

» 

* 

A§  “ 


(IV. 2. 2) 


■m 
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where 


is  the  normal  component  of  the  magnetic  induction  vector,  B,  assumed 
constant  within  the  limits  of  area  AF. 

B  n 


1  i 


J ^  is  the  magnetic  conductivity  of  the  medium. 
(IV. 2.1)  takes  the  form 

t  Ejdl  =>  —  ~j-  A  F.  ’ 


(IV.2.3) 


after  the  expression  for  $  from  equation  (IV. 2. 2)  is  substituted  in  it. 
Dividing  both  sides  of  (IV. 2. 3)  by  AF,  and  assuming  that  AF  •* 0 , 


fS,dl 

lim  i - 

0  4  F 


(IV.2.4) 


•The  left-hand  side  of  (IV.2.4)  is  the  component  of  curl  E  in  direction  n. 
So  (IV.2.4)  can  be  written  as 


rot.  £  =*  —  , 


(IV, 2. 5) 


Shifting  to  the  rectangular  system  of  coordinates  x,  y,  z,  we  obtain 
these  three  equations 


(IV. 2. 6) 


(IV.2.6)  can  be  formulated  in  vector  form  as 

rot  b  =  -BB/dt 


(IV.2.7) 


(IV. 2. 7)  is  called  Maxwell's  second  law.  Expressing  in  (IV.2.6)  the 
component  of  the  curl  in  terras  of  the  component;  of  vector  E,  in  accordance 
with  (IV. I.13), 


(IV.2.8) 


d£; 

—  dE>  « 

JBt 

dy 

dz 

dl 

dEx 

03 

•  1 

dz 

dl 

dEy 

1 

1  ^ 
fn 

i 

dB, 

dx 

dy 

dl 

\  *1 
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#IV.3-  Maxwell's  System  of  Equations 

The  following  are  also  a  part  of  Maxwell's  system  of  equations 


div  D  ~  p, 
div  B  ra  0, 


(IV. 3.1) 
(IV. 3. 2) 


where 

p  is  the  electric  volume  density,  that  is,  the  charge  incoming  per 
unit  volume. 

The  divergence  of  some  vector  A  at  the  point  specified  is  a  limit  to  , 
which  tends  the  ratio  of  the  flux  of  vector  A  over  the  surface  (AS)  surround¬ 
ing  this  point,  to  the  magnitude  of  the  volume  (AV)  limited  by  this  surface 

when  AV  tends  to  zero  9A„dS 

div  A  =  lim  - v  ' 

•  4v_,o  a  y 


In  the  rectangular  system  of  coordinates  the  divergence  of  vector  A  equals 

div  A 


.  -f  I  dA> 

ax  iy  T  i,  ' 


Formula  (IV.3.2)  demonstrates  that’  the  flux  of  the  magnetic  induction 
vector  (B)  has  no  outlets;  the  magnetic  field  force  lines  are  closed.  Con¬ 
sequently,  the  total  flux  of  the  magnetic  induction  vector  over  any  closed 
surface  always  equals  zero. 

Similarly,  formula  (IV. 3. l)  demonstrates  that  in  those  expanses  in  space 
which  have  no  charges  (p  =  0),  the  flux  of  the  displacement  vector  (D)  over 
any  closed  surface  too  equals  zero.  If  there  are  distributed  charges  in 
space  ever-'  point  in  space  will  become  a  source  of  the  displacement  vector 
flux,  that  is  every  point  in  space  will  become  the  origin  of  new  lines  of 
force.  And  the  displacement  vector  flux,  equated  tc  unit  volume,  equals 
the  charge  density  (p). 

So,  we  have  the  following  system  of  equations,  which  is  the  basis  of 
classical  electrodynamics  and,  in  particular,  the  basis  of  the  theory  of 
radiating  systems 


rotH-J+f 

(a) 

.  _  SB 

ro,E--ir 

(b) 

div  D  =  p 

>) 

divB=0 

(rf) 

D  =»  tE_ 

■:  (*) 

B  ■=  p  H 

• 

(/) 

is) 

(IV.3.3) 


✓  ’V 
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#IV.4.  Poynting's  Theorem 

Emerging  directly  from  Maxwell's  equations  is  an  equation  which  charac¬ 
terizes  the  energy  balance  in  an  electromagnetic  field  and  points  to  the 
possibility  of  radiating  electromagnetic  energy  and  propagating  it  in  space. 
Let  us  derive  this  equation. 

Making  a  scalar  multiplication  of  both  sides  of  the  equality  at 
(IV. 3. 3a)  by  E,  and  both  sides  of  the  equality  at  (IV. 3. 3b)  by  H,  and  sub¬ 
tracting  the  first  product  from  the  second,  we  obtain 


From  vector  analysis  data 

(H rot  E)  -  (E  rot  li)  =  dl v  [EH]. 

Let  us  transform  the  terms  in  the  right-hand  side  of  the  equality  at 

(IV. 4.1) s 

d  ,  u<\  d  /t iH»\ . 


(EJ)  _  r„(E E)  ~  T,£*. 


Equation  (IV. 4.1)  takes  this  form  after  the  transformations  indicated 

^[EHJ—  +  (IV.4.2) 


Integrating  both  sides  of  (IV. 4. 2)  with  respect  to  some  volume  V, 


( IV .4.3 ) 


In  accordance  with  Gauss'  theorem,  the  volume  integral  from  the  di¬ 
vergence  of  a  vector  for  the  volume  V  can  be  replaced  by  the  surface  integral 
for  this  same  vector  for  surface  F  limiting  this  volume. 

Considering  Gauss'  theorem  then,  and  transposing  the  terms  in  equa  ton 
(IV.4.3), 

_a_ 

"df 

where 

dF  is  an  element  of  closed  surface  F,  limiting  volume  V. 

The  subscript  n  means  that  the  component  of  the  [Ehj  vector  normal  to 
the  element  of  surface  dF  must  be  taken. 

This  is  the  Poynting  equation. 

Let  us  explain  the  physical  sense  of  this  equation. 


T  ,£W, 


(TV  L  L't 


1 


•. 
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O 

Hero  eE  /2  i  ■<  the  electric  field  energy  in  unit  volume; 

2 

/2  is  the  magnetic  field  energy  in  unit  volume; 

2  2 

(eE  /2  +  /2)  is  the  total  energy  of  the  electromagnetic  field 

in  unit  volume. 

2  2 

Accordingly,  W  =  jUeE  /2  +  /2)dV  is  the  energy  in  some  volume  V,  of 

the  electromagnetic  field. 

The  derivative  3W/dt  [the  left-hand  side  of  equation  (XV, 4. 4)]  expresses 

the  reduction  in  the  supply  of  electromagnetic  energy  in  volume  V  per  unit 

time,  that  is,  the  consumption  of  electromagnetic  energy  in  this  volume  per 

unit  time.  The  expression  standing  in  the  right-hand  side  of  equation  (IV.4.4) 

shows  that  the  energy  being  consumed  consists  of  two  summands. 

2 

The  summand  Py  E  dV  is  the  energy  dissipated  as  a  result  of  the  conducti- 
V 

vity  of  the  medium  (y  ).  This  energy  is  dissipated  within  volume  V  itself, 
becoming  Joule  heat. 

The  summand  f[EH]  dF  is  the  flux  of  the  [EH]  vector  along  surface  F 
%j  n 
F 

limiting  volume  V.  The  S=[EH]  vector  is  called  the  Poynting  vector. 

So,  from  what  has  been  said,  ^[EHl^dF  is  the  energy  leaving  volume  V, 

F 

that  is.  the  energy  being  put  out  (radiated)  by  the  source  of  the  electro¬ 
magnetic  field  into  the  surrounding  space. 

Poynting' s  theorem  demonstrates  that  electromagnetic  energy  can  be  pro¬ 
pagated  in  space  and  that  it  is  possible,  in  principle,  to  create  that  source 
of  an  electromagnetic  field,  a  considerable  part  of  the  energy  from  which 
will  be  expended  in  radiation.  In  radio  engineering  installations  this 
source  is  the  generator  feeding  the  antenna. 

The  simplest  antenna  is  the  Hertz  dipole,  the  theory  of  which  will  be 
discussed  below. 

#IV.5.  Vector  and  Scalar  Potentials.  Electromagnetic  Field  Velocity. 

Maxwell's  equations  give  the  dependence  between  E,  H,  j,  p  and  the  para¬ 
meters  of  the  medium  e,  p  and  y^,  in  general  fora.  As  a  practical  matter, 
it  is  often  necessary  to  solve  problems  in  which  the  distribution  of  the 
current  and  charge  densitities,  as  well  as  medium  parameters,  are  given,  and 
what  must  be  found  will  be  E  and  H.  In  cases  such  as  these  it  is  convenient 
to  find  E  and  H  by  introducing  new  magnitudes,  specifically  the  vector 
potential  A,  and  the  scalar  potential,  cp. 

From  vector  analysis  it  is  known  that  the  divergence  in  the  curl  of  any 
vector  equals  zero,  so,  on  the  basis  of  (IV. 3.3d),  it  is  convenient  to  .re¬ 
present  B  as  the  curl  of  some  vector  A,  called  the  vector  potential 

B  c.rot  A  or  H  *»  l/ji  rot  A,  (IV. 5.1) 
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\  9 

4  ^ 


Substituting  equation  (IV. 5. l)  in  (IV. 3. 3b),  and  replacing  B  by  ^H, 


from  whence 


rot  E  - - (rot  A), 

at 


■  ro,HE  +  ¥)]-0- 


According  to  the  data  from  vector  analysis  the  curl  of  the  gradient  of 
any  scalar  magnitude  equals  zero,  with  the  result  that  the  -(E  +  3A/dt) 
vector  can  be  considered  to  be  the  gradient  of  some  scalar  function  called 
the  scalar  potential 


from  whence 


-(E  +  ~)  ~  grad 
E  =*  —  +  gfad  ?)  • 


(IV.5.2) 


(IV.5.3) 


V'S 


By  the  gradient  of  a  scalar  at  a  specified  point  we  mean  a  vector  in 
the  direction  of  maximum  change  in  this  scalar,  numerically  equal  to  the 
scalar's  increase  per  unit  length  in  this  direction.  In  the  rectangular 
system  of* coordinates,  by  designating  the  unit  vectors  along  the  x,  y,  and 
z  axes  as  i,  j,  and  k,  the  expression  for  the  gradient  of  scalar  cp  can  be 
written 

grad<?< 


l2+#+k;« 


Let  us  find  A  and  cp.  Considering  the  fact  that  D  «s  eE,  substituting 
the  expressions  for  H  and  E  from  formulas  (IV.5»l)  and  (IV.5.3)  in  formula. 
(IV. 3. 3a),  and  taking  it  that  there  are  no  losses  in  the  medium  (yv  =  0), 


(IV. 5. 4) 


V  A  can  be  expressed  in  the  following  manner  in  the  rectangular  system: 


(IV. 5. 5) 
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7.3 


Then  equation  (IV. 5*6)  takes  the  form 

1  k  d’A  1 

V»A  — sn— 


(IV. 5, 8) 


Substituting  the  expression  D  =  eE  in  (IV. 3. 3c),  replacing  the 
expression  for  E  from  formula  (IV. 5.3),  &nd  considering  the  condition  at 
(IV.5.7), 

.  ,  d»<?  1 

- Tp-.  (IV. 5. 9) 


Equations  (IV. 5. 8)  and  (IV. 5. 9)  define  the  wave-like  process  in  space 
and  are  therefore  called  wave  equations. 

These  equations  have  the  following  solutions 


where 


(IV.5.10) 


(IV.5.11) 


dV  is  an  element  of  the  volume  in  which  current  density  j  and  charge 
density  0  are  given; 

is  the  distance  from  the  element  of  the  volume  to  a  point  at  which 
A  and  <p  are  determined; 

v  is  the  velocity  at  which  the  electromagnetic  oscillations  are  pro¬ 
pagated, 

v  =  l/YeH".  (IV.5.12) 


The  symbol  (t  -  r/'v)  means  that  the  values  of  A1  and  cp  (and  consequently 
of  E  and  H)  at  time  t  can  be  defined  by  the  values  of  j  and  p  occurring  at 
time  t  -  r/v.  What  this  signifies  is  that  electromagnetic  perturbations 
are  propagated  at  a  velocity  equal  to  v. 

In  free  space,  and  approximately  in  air 

1  =  eQ  as  1/4tt'9*10^  (farads/meter),  ^  ^  =  4tt/10^  (henries/meter) 


•  and  the  electromagnetic  perturbation  propagation  rate  equals 

8  8 

v  =  c  =  l/l/  SqUq  =  2,998  -  10  3  *  10  (meters/second) . 

By  using  the  relationships  at  (IV.5.1),  (IV. 5. 3),  ((V.5.10),  and 
(IV.5.11)  we  can  fird  E  and  H  if  the  distribution  of  the  conduction  current 
density  j,  and  the  charge  density  p  are  known.  These  equations  can  be  used 
to  calculate  fislds  around  antennas  for  which  it  is  assumed  the  current  and 
charge  distributions  are  known. 
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('Tien  computing  tho  fields  around  line  conductors  in  a  non-conducting 
medium  the  fact  that  in  this  case  the  conduction  and  charge  currents  are 
only  concentrated  along  the  axes  of  the  conductors  should  be  taken  into  con¬ 
sideration,  and  that  correspondingly  the  volume  integrals  in  expressions  for 
A  and  can  be  replaced  by  line  integrals 


(IV. 5. 13) 

(IV. 5.14) 


f 

i 


where 

i  is  the  conduction  current  flowing  in  the  conductor; 
a  is  the  linear  charge  density. 

But  if  it  is  the  harmonic  oscillations  of  the  linear  current  that  are 

'  .  .  .  i(ujt-fyr)  /  ,  \  i(ujt-crr) 

under  discussion  then  i(t  -  r/v)  =  Ie  ;  cr't  -  r/v)  *  o^e  and 

the  expressions  for  A  and  cp  become 


A 


r 


dl, 


jLf 

4nt  •)  r 
*•* 


dl. 


(IV.5.15) 

(IV.5.16) 


where 

a  is  the  conduction  current  flowing  in  the  conductor; 
a  =  u/v  =  2irf/v  =  2tt/X; 


f  is  the  frequency. 

There  is  a  definite  physical  sense  to  the  above  accepted  condition 
at  (IV. 5. 7). 


Substituting  the  expressions  for  A  and  cp  from  formulas  (l'/«5.10)  and 
(IV. 5. 11)  in  formula  (IV.5.7), 


— div 


This  equation  vill  reduce  to 


y  r  4*  dt  v!  r 


(<-Tl 


dV  -0. 


from  whence 


(IV.5.17) 


The  relationship  at  (IV. 5. 17)  is  the  formulation  of  the  law  for  the  con¬ 
servation  of  an  amount  of  electricity  in  differential  form  (the  equation  of 
continuity) . 

Substituting  the  expression  for  p  from 'formula  (IV. 3*1)  in  formula 
(IV.5.17), 


divj  +  div  (17)  “div(j+^) 


0. 


(IV.5.18) 


Formula  (IV.5.18)  demonstrates  that  the  sum  of  the  conduction  currents 
and  the  displacement  currents  outgoing  from  a  unit  of  volume  equals  zei^o. 
For  the  case  of  current  flowing  along  a  conductor  in  space  which  has  no 
conductivity',  formula  (IV. 5. 17)  becomes 

+  (IV.5.19) 

02  dt 

where 

I  is  the  current  flowing  along  a  conductor  oriented  along  the  z  axis; 
cr  is  the  linear  charge  density  on  the  conductor. 


#IV.6.  Radiation  of  Electromagnetic  Waves 

The  possibility  of  radiating  and  propagating  electromagnetic  energy  in 
space  without  conductors  follows,  in  essence,  directly  from  the  theses  pro¬ 
pounded  by  Faraday  and  Maxwell,  in  accordance  with  which  olectric  current 
can  circulate  in  a  dielectric  and  in  free  space  in  the  form  of  a  displacement 
current.  And  so  far  as  the  formation  of  a  magnetic  field  is  concerned,  the 
displacement  current  exhibits  the  same  physical  properties  as  doe3  the  con¬ 
duction  current.  Faraday  and  Maxwell,  in  their  assumptions,  assigned  the 
properties  of  a  conductor,  a  conductor  of  the  displacement  currant,  so  to 
speak,  to  the  dielectric  and  to  free  space.  The  propagation  of  the  displace¬ 
ment  current  in  space  is  associated  with  the  propagation  of  electromagnetic 
energy  because  the  field  current  corresponding  to  it  is  the  electromagnetic 
energy  carrier.  Hence,  any  electrical  circuit  which  can  create  a  displace¬ 
ment  current  in  space  can  be  used  as  a  radiator  of  electromagnetic  energy. 
Suppose  we  take  a  circuit  consisting  of  a  condenser  supplied  by  an 
alternating  emf  source  (fig.  IV. 6. l).  A  displacement  current  will  circulate 
in  the  space  between  the  plates.  Since  the  space  surrounding  the  condenser 
can  conduct  the  displacement  current,  it  is  only  natural  that  the  latter 
should  branch  out  into  that  space,  ju3t  as  would  the  conduction  current  if 
the  condenser  were  located  in  space  possessing  conductivity.  The  process  of 
this  branching  of  displacement  currents,  and  consequently  of  electromagnetic 
energy,  into  the  space  surrounding  the  condenser  is,  from  the  point  of  view 
of  Maxwell 1 s  theory,  as  natural  a  process  as  is  the  branching  of  energy  in  a 
conductor  connected  to  some  source  of  emf. 


Figure  IV. 6.1.  Explanation  of  the  radiation  process 
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The  principle  that  it  is  possible  for  electromagnetic  energy  to  branch 
(radiate)  into  space  can  be  proven  by  Poynting's  theorem,  which  is  the  direct 
consequence  of  Maxwell's  equations. 

Keep  in  mind  that  while  in  principle  any  circuit  which  can  create  dis¬ 
placement  currents  can  be  a  source,  or  as  usage  has  it  a  radiator,  of  electro¬ 
magnetic  waves,  in  practice  the  circuits  used  as  radiators  of  electromagnetic 
waves  (antennas)  meet  predetermined  requirements.  A  basic  requirement  imposed 
on  the  practical  radiator  is  that  the  energy  involved  be  a  minimum,  that  is, 
that  the  energy  not  be  radiated  into  surrounding  space  (minimum  reactive 
energy).  The  greater  the  coupled  (reactive)energy,  the  greater  the  loss*,  and 
the  narrower  the  antenna  passband. 

The  radiator  show  in  Figure  IV. 6.1  in  the  form  of  a  condenser  made  of 
two  parallel  plates  is  an  example  of  an  unsuccessful  circuit,  in  the  sense 
of  the  forogoing,  for  in  this  circuit  the  coupled  portion  of  the  energy  is 
relatively  great  and  much  of  the  energy  is  concentrated  in  the  space  between 
the  plates. 

The  reason  is  that  the  space  between  the  plates  of  the  condenser  is 
highly  conductive  so  far  as  displacement  currents  are  concerned. 

A  relative  reduction  in  the  coupled  part  of  the  energy  can  be  obtained 
by  turning  the  condenser  plates  and  positioning  them  as  shown  in  Figure  IV. 6. 2. 

One  variant  of  the  circuit  permitting  intensive  radiation  for  a  com¬ 
paratively  small  part  of  the  coupled  energy  is  the  one  shown  in  Figure  IV. 6. 3, 
in  which  the  plates  have  been  replaced  by  thin  conductors  with  spheres  on 

* 

their  ends.  Heinrich  Hertz  was  the  first  to  devise  this  circuit,  and  the 
radiator  made  in  accordance  with  the  circuit  shown  in  Figure  1V.6.3  i»  known 
as  the  Hertz  dipole. 


V 

> 


Figure  IV. 6. 2.  Explanation 
of  the  radiation  process. 


Figure  IV. 6. 3.  The  Hertz 
dipole. 


#IV.7.  Hertz1  Experiments 

The  purpose  of  Hertz'  experiments  was  to  verify  experimentally  the  pro¬ 
bability  that  the  electromagnetic  waves  anticipated  by  Maxwell's  theory  did 
in  fact  exist.  Hertz  conducted  a  series  of  extremely  complicated  experiments. 

We  shall  limit  ourselves  here  to  just  a  brief  description  cf  these  experiments. 
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Hertz  used  a  dipole,  a  conductor  with  a  Ruhmkorff  coil  inserted  in 
the  middle  of  its  spark  gap,  to  excite  electromagnetic  waves.  Metallic 
spheres  were  connected  to  the  ends  of  the  conductor  (fig.  IV.6.3).  When  the 
sparks  shoot  the  spark  gap  in  the  dipole  damped  oscillations,  the  fundamental 
frequency  of  which  is  determined  by  the  natural  frequency  at  which  the  dipole 
oscillates,  are  excited. 

Considering  the  displacement  current  density  proportional  to  the  rate 
of  change  in  the  electric  field  strength 

Jd  =  e  SE/dt  . 

Hertz  triel  to  obtain  the  shortest  possible  waves.  He  tried  to  increase 
the  natural  frequency  by  reducing  the  dipole  dimensions.  Hertz  began  his 
first  experiments  with  dipoles  about  1  meter  long  and  obtained  waves 
several  meters  long. 

Later  on  Hertz  experimented  with  dipoles  a  few  decimeters  long  and  ob¬ 
tained  waves  some  60  cm  long. 

The  loop  with  the  spark  gap  served  at  the  field  strength  indicator. 

The  maximum  possible  length  of  the  spark  was  proportional  to  the  field 
strength.  Hertz  used  the  simple  apparatus  described  to  prove  that  the  electro¬ 
magnetic  field  around  the  dipole  matches  the  theoretical  data  obtained  by 
using  Maxwell^  equations. 

Hertz  used  this  same  apparatus  to  prove  experimentally  that  it  was 
possible  to  reflect  electromagnetic  waves  and  he  measured  the  coefficients 
of  reflection  from  the  surfaces  of  certain  materials.  1 

Hertz,  using  the  analogy  of  optics  in  order  to  obtain  directional  radia¬ 
tion,  used  a  parabolic  mirror  with  the  dipole  located  in  the  focal  plane 
of  the  mirror. 

Hertz  also  made  a  theoretical  analysis  of  the  functioning  of  the 
infinitesimal,  or  elementary,  dipole,  and  this  was  in  addition  to  the  ex¬ 
perimental  verification  he  undertook  of  the  general  conclusions  of  the  theory 
of  the  radiation  of  electromagnetic  waves. 

#IV.8.  The  Theory  of  the  Elementary  Dipole 

(a)  Expressions  for  electric  field  strength  and  the  vector 
potential  of  the  elementary  dipole _ 

Hertz,  in  his  mathematical  analysis  of  radiators  used  in  the  experiments, 
considered  them  as  elementary  dipoles,  that  is  as  extremely  short  conductors 
compared  with  the  wavelength,  along  the  entire  length  of  which  the  current  has  . 
the  same  amplitude  and  phase.  It  is  impossible  to  have  a  dipole  of  finite 
dimensions  with  unchanged  current  amplitude  and  phase  over  its  entire  length, 
so  the  elementary  dipole  is  simply  an  idealized  radiating  system  convenient 
to  use  for  analysis.  However,  the  dipole  used  by  Hertz  in  his  experiments 
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(fig.  IV. 6. 3)  is  an  extremely  successful  practical  approximation  of  this 
idealized  radiator.  Because  the  spheres  on  the  ends  of  the  dipole  have  a 
high  capacitance,  there  is  little  change  in  current  amplitude  along  the 
length  of  the  conductor. 

Equations  (IV. 5. 3)  and  cIV.5.l)  can  be  used  to  find  the  strengths  of  the 
electric  and  magnetic  fields  around  the  elementary  dipole. 

If  it  is  assumed  that  oscillations  are  harmonic,  we  can  readily  express 
O  in  terms  of  A.  In  point  of  fact,  in  the  case  of  harmonic  oscillations 
3cp/8t  =  imp.  Substituting  this  relationship  in  equation  (V.5.7)t 


? 


i  -  V  divA. 

«|fc* 


(IV.8.1) 


Substituting  equation  (IV. 8. l)  in  (IV. 5. 3),  and  taking  it  that  in  the 
case  of  harmonic  oscillations  SA/3t  =  i<oA, 

E  =  i  w  A  i  grad  div  A.  (IV.8.2) 


This  equation,  in  conjunction  with  equation  (IV. 5. l)  makes  it  possible 
to  compute  all  the  components  of  an  electromagnetic  field,  if  the  vector 
potential  A  is  known.  For  linear  currents  A  can  be  computed  through 
formula  (IV.5.15). 

lii  the  case  specified,  and  according  to  the  definition  of  an  elementary 
dipole,  I  remains  fixed  over  the  entire  length  l,  and  can  be  taken  from  under 
the  integral  sign.  Moreover,  assuming  that  J  <  r,  the  terms  dependent  on  r 
can  also  be  taken  from  under  the  integral  sign.  Accordingly. 


j  0Kuf— «/•) 
4  is  7 


1. 


(IV..8.3) 


(b)  Components  of  the  dipole  electric  and  magnetic  field  strength 
vectors  in  a  rectangular  system  of  coordinates _ _ 

Using  formulas  (IV. 5. l),  (IV. 8. 2)  and  (IV. 8. 3)  ,  we  can  determine 

the  E  and  H  components  along  the  three  coordinate  axes.  Let  us  select  the 

coordinate  system  such  that  the  z  axis  coincides  with  the  dipole  axis,  and 

the  origin  with  the  center  of  the  dipole.  In  this  system  the  A  vector  has  no 

components  on  the  x  {,nd  y  axes, 

A  =  A  =0,  (IV. 8. 4) 

x  y 

A  =  A.  (IV. 8. 5) 

z  , 


Based  on  formulas  (IV. 8. 2)  and  (IV. 8. 3),  we  have  these  expressions  for 
.  the  components  of  the  E  and  H  vectoi s 


.**r?*uaa» 


J X  J mill  I j  I  Jj  ■  I 
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CfU* 

£y  =  —  i  <oAy  —  i— gradyd»v  A  =  —  i 

7  7  cp»  7 


(JIM 


CfJ<* 

dxdz  ’ 

1 

6M  . 

dydz  ' 

-i-i 

d‘A 

(IV. 8. 6) 
(IV. 8. 7) 

(IV.8.8) 


«ju»  th* 

Similarly,  taking  formulas  (IV. 5.1)  and  (IV.l.13)  into  consideration, 

(IV.8.9) 


//,=>-i-rot,A~-L^-( 

n  |> 


ir  1  __i  1  1  dA 

=  — rot  A  - - — ; 

7  t»  ’  |i  dx 

H,=—toI,A~0. 


(lv.8.10) 

(IV.8.11) 


Note  that  formulas  (IV. 8  6)  through  (IV.8.11)  are  correct  for  any 
linear  dipole  oriented  along  the  x  axis. 

Substituting  the  expression  for  A  from  formula  (IV. 8. 3)  in  formulas 
(IV.8.6)  through  (IV.8.10),  and  taking  it  that 

r  =  V  x1  +  y* -h  2*.  (IV.8.12) 

a  =»  —  =»  a) 

U 

we  obtain 


i(W-v) 

(3z*  —  /*)  <1 


r.  3  xz  11  (  .  3  .  3*  .  .  ea  \  1 
4st  f*  u  \  1*  r*  r  ) 

~  1  uz  n  (  .  3  ,  3s  ,  .  «*  \  j 

£>”C?T(-,7-  +  7T-1"7-)e 

1 ■£=£■+  + 

4xi  r*  u  |_  r*  r * 

,  .  (*»  —  /•»)»» 

'---sMt+'t)-'- 


!(•/-«/) 


dv.8.13) 


(IV. 8.14) 


In  formulas  (IV.8.13)  and  (IV.8.14)  all  lengths  are  in  meters,  current 
is  in  amperes,  electric  field  strength  in  volts  per  meter,  and  magnetic 
field  strength  in  amperes  per  meter.' 

So,  knowing  the  current  and  the  dielectric  constant  for  the  medium,  we 
can  determine  the  strengths  of  the  electric  and  magnetic  fields  at  any 
point  around  a  dipole,  so  long  as  the  condition  r  >  l  is  satisfied. 


^tf’tyrrtvi"^}  /■ 


I. 


J 
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(c;  Components  of  the  electric  and  magnetic  field  strength 
vectors  in  spherical  and  cylindrical  systems  of 
coordination _ 

In  view  of  the  axial  symmetry  of  the  elementary  dipole,  it  is 
extremely  convenient  to  use  formulas  which  define  the  field  in  spherical  or 
cylindrical  systems  of  coordinates. 

Components  S^,  E^,  and  H^,  H^,  11  (fig.  IV.8.1)^  characterize  the 
electric  and  magnetic  field  strengths  when  the  spherical  system  is  used, 
while  Er,  E^,  and  HR,  H  ,  11^  (fig.  IV. 8. 2)  do  the  same  when  the  cylindrical 
system  is  used. 


Figure  IV. 8.1.  Components  of  the  electromagnetic  field  of  a 
dipole  in  a  spherical  system  of  coordinates. 


Figure  IV. 8. 2.  Components  of  the  electromagnetic  field  of  a  dipole 
in  a  cylindx'ical  system  of  coordinates. 


Determination  of  the  relationship  between  the  components  of  the  field 

strengths  in  the  rectangular  and  spherical  systems  of  coordinates  is  very 

much  simplified  by  the  introduction  of  the  component  E  ,  directed  perpendicular 

R 

to  the  z  axis  (fig.  IV. 8. 2).  Nor  xs  xt  difficult  to  prove  that 


1.  Figures  IV. 8. I  and  IV. 8. 2  only  show  those  components  cf  the  E  and  H 
vectors  applicable  to  the  dipole,  'fixe  component  E  =  -E  is  shown  in 
Figure  IV. 8.1.  A  6 


» f 
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ER  =  Ex  cos  9  -j-  £y  sin  9 
E,  =  ER  sin  0  +  Et  cos  0 
Et  =  Er  cos  0  —  Ex  sin  0 
Ef  —  —Ex  sin  9  +  £y  cos  9 

cos  0  ■=*  —  ;  sin  0  «=  —  ; 
r  r 

cos9  =• 


(IV, 8. 15) 


Substituting  the  expressions  for  E^,  E^,  E^  and  E^  in  formula  (IV, 8. 15) 
and  converting,  wo  obtain  the  following  expressions  for  the  E  &>id  H  components 
in  a  spherical  system  of  coordinates 


1 

4xt 


M.cos0{-iJ-  +  ^)e' 

- - sm  0  ( —  i  — •  -j — -  +  j  — )  e 

4m  «  \  r  r%  r  / 

—II  sin  0  + 

4*  \  r*  f  J 


1  {-/ — w> 


Hr  =  //,*=  0 


(IV.8.16) 


The  E  and  H  vectors  are  mutually  perpendicular,  as  will  be  seen  from 
(IV.8.16). 

The  expressions  for  the  components  of  the  E  and  H  vectors  in  a  cylindrical 
system  of  coordinates  are  in  the  form 


c  1  Rz  II  [  .3  .  3i  ,  .  \  i 

£*“^~(-l7r  +  7  +  ,-7)e 

Et~±-±.lL\-{ 

,4s*  r*  «  ]_ 


—  /■*  (3 :»—/■»)* 

r*  +  t*  *** 


l(W— «/) 


T54-] 

"'•if'H  +  'ry 


i  (./-«■) 


£r=/V 


■H, 


(IV. 8. 17) 


where 

r  =  Vr2  t  z2. 

#IV.9.  The  Three  Zones  of  the  Dipole  Field 

(a)  Division  of  the  space  around  a  dipole  into  zones 
Three  dipole  field  zones  can  be  differentiated:  the  near,  the  far 
(wave)  and  the  intermediate.  Let  us  use  formula  (IV. 8.16)  to  arrive  at  the 
best  explanation  of  the  criterion  for  dividing  the  space  around  a  dipole 
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into  zones.  Introducing)  the  value  2n/X  for  the  phase  fa'  for  or,  *e  can  render 
the  formulas  at  (IV. 8.16)  in  the  forms 


+  (=:)*■+' (i)]^. 


(IV. 9.1) 


(IV. 9. 2) 

(IV.9.3)* 


(b)  The  near  zone 

The  near  zone  is  the  zone  within  the  limits  of  which  r  <  X/2tt. 

P  2 

Here  the  term  (x/2-rrr)  in  formula  (IV. 9. l),  the  terms  (x/2nr)  and  i(x/2irr) 
in  formula  (IV. 9. 2),  and  the  term  i(X/2rcr)  in  formula  (IV.9.3)  can  be 
ignored. 

Whereupon  we  obtain 

E,  =*  —  i  — — —  cosO  e1^'- 

■Ir.iur*  (IV. 9. 4) 

E.=x-i~Jl — sinOe'M"*f),- 

•»*««/*  (IV. 9. 5) 


4*IU  /“* 


//  =;  — sinGe,<4!'-*'). 

»  4v> 


(IV. 9. 6) 


Substituting  the  expression  for  current  I  in  terms  of  charge  q(l=iufl) 
in  equations  (IV. 9. 4)  and  (IV. 9. 5), 


£,  =  ~cos0e' 

(iv.9.7) 

£s  =  ql 

4*i  /* 

(iv.9.8) 

The  factors  in  the  right-hand  sides  of  equations  (IV. 9. 7)  and  (IV. 9.8) 


— — —  cos  0  and  —2d — -  sin  0 
2— e  r  4  Tie  r 

do  not  depend  on  time  ano  therefore  coincide  with  known  expressions  for  com¬ 
ponents  of  the  electric  field  strength  of  ui  electrostatic  dipole  consisting 
of  two  charges  with  opposite  signs  (-.q  and  -q)  at  distance  l  from  each  other. 
The  phase  factor  e  ^■Qrr)  because  of  the  smallness  of  the  magnitude  or,  can  be 
ignored.  Thus,  the  electric  field  strength  of  the  dipole  changes  in-phase 
with  the  change  in  the  moment  qi  at  short  distances,  and  the  amplitude  of  the 
dipole's  electric  field  strength  is  the  same  as  that  of  the  electrostatic 
dipole. 


J 


DA_A nft_/CA 


If  one  ignores  the  phase  factor  e  lar  in  formula  (IV. 9. 6),  and  discards 
the  time  factor  e1U)t,  the  result  is  an  expression  which  coincides  with  the 
expression  for  DC  magnetic  field  strength,  that  is,  we  obtain  Bio-Savar's 


formula 


H  =.  ——sin  0. 

♦  4*  /■* 


Thus,  the  field  in  the  dipole's  near  zone  can  be  characterized  by  the 
following  features: 

(1)  the  amplitude  of  the  dipolo's  electric  field  strength  is  equal  to 
the  electrostatic  dipole's  field  strength  when  both  have  the  same  charges  . 

(+q  and  -q) j 

(2)  the  amplitude  of  the  dipole's  magnetic  field  strength  equals  the 
magnetic  field  strength  created  by  a  conductor  of  the  same  length,  l ,  as  that 
of  the  dipole  and  passing  DC  equal  in  amplitude  to  that  of  the  current  flowing 
in  the  dipole; 

(3)  the  electric  field  strength  is  inversely  proportional  to  the  di¬ 
electric  constant  of  the  medium  for  a  specified  current  magnitude; 

(4)  the  electric  and  magnetic  field  vectors  are  90°  out  of  phase  with 
respect  to  each  other. 

(c)  The  far  (wave)  zone 

The  far,  or  wave,  zone  is  that  zone  within  the  limits  of  which 
r  S>  X/2tt.  And  we  can  ignore  the  terms  (x/2nr)  of  powers  higher  than  the 
first  in  formulas  (IV.9.2)  and  (IV.9.3).  Moreover,  as  compared  with  E  ,  we 
can  ignore  E^. 


As  a  result,  substituting  2rr/X  =)fu>  z)l~,  we  obtain 

P=ii£j±.sin  0e‘ 

4s  r 

u  .  11  a  ,/-■ —  .  .  I  («/—.(•) 

r  4r.r 

Er  ss  =  H,  =  //,  =  0. 


(IV.9,7) 


(IV.9.8) 


From  formulas  (IV. 9. 7)  and  (IV„9»8), 


(IV. 9. 9) 


The  factor 


'.’VT 


(IV.'9.10) 


has  the  dimensionality  of  impedance  and  is  called  the  characteristic  impedance 
of  the  medium. 

As  will  be  seen,  the  field  in  the  far  zone  can  be  characterized  by 
the  following  features: 
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(1)  tho  strengths  of  the  electric  anti  magnetic  fields  are  inversely 
proportional  to  the  first  power  of  the  distance  r; 

(2)  the  electric  field  strength  is  proportional  to  the  magnetic  con¬ 
ductivity  of  the  medium  and  will  not  depend  on  the  medium's  dielectric  constant 
for  a  specified  frequency  and  magnitude  of  current  flowing  in  the  dipole; 

(3)  the  magnetic  field  strength  is  proportional  to  the  square  root 

of  the  product  of  the  medium's  magnetic  conductivity  and  dielectric  constant, 
that  is,  it  is  inversely  proportional  to  the  propagation  velocity,  for  a 
specified  frequency  and  magnitude  of  current  flowing  in  the  dipole; 

(4)  the  electric  field  strength  is  equal  to  the  magnetic  field  strerigth 
multiplied  by  the  characteristic  impedance  of  the  medium; 

(5)  the  electric  and  magnetic  field  vectors  are  in  phase; 

(6)  the  electric  and  magnetic  field  strengths  are  proportional  to  the 
ratio  of  l/X,  for  a  specified  current  magnitude.  Electric  and  magnetic 
field  strengths  are  greater  the  shorter  the  wavelength  for  a  specified  di¬ 
pole  length  ( l ) . 


(d)  The  ir.le.-i 1 


zone 


The  intermediate  "".one  is  the  transition  zone  from  the  near  to  the 
far  zone.  None  of  the  sultana.-  in  the  expressions  for  electric  and  magnetic 
field  components  can  i.e  ignored  i..  this  zone.  Figure  IV.9.1  shows  the  curves 
for  the  change  in  the  three  summands  >:f  E„  (see  formula  IV. 9. 2).  Curve  1 

e 

is  that  for  the  summand  proportional  to  (l/r),  while  curves  2  and  3  are  those 

2  3 

for  the  summands  proportional  to  (4/ r)  and  (yjrr  .  Scale  is  relative.  Th.ey 
can  be  Ui.ed  to  determine  the  degree  to  which  some  particular  distance  cor¬ 
responds  to  some  particular  zone. 


Figure  IV. 9. 1 

C>  rves  of  change  in  the  three 
summands  of  E  with  respect  to 

r/X-  9 


E  -  0  (because  cos  0=0)  in  the  equatorial  plane  of  the  dipole,  that 
r 

is,  in  the  plane  normal  to  its  axis  and  passing  through  its  center.  Con¬ 
sequently,  the  curves  in  Figure  IV. 9. 1  give  tho  characteristic  of  the  full 
magnitude  of  the  electric  field  strength  vector  for  the  equatorial  plane. 

w'IV.IO.  Electric  Field  Strength  in  the  F„r  Zone  in  Free  Space 

2 

In  free  space,  wju-  240rr  />,.  Substituting  the  value  of  this  magnitude 
in  formula  (IV. 9. 7),  and  omitting  the  time  factor, 

J* 

f?  _  ;  GO*  /  (n)  l  (.«)  ,  .  —  Ur 

*•  (volts/ meter)  (IVa10*11 

If  the  distance  is  expressed  in  kilometers,  and  if  the  electric  field 
strength  is  expressed  in  microvolts  per  meter,  formula  (IV.10.1)  will  take 
the  form 


^  .  0.I8S1-10*/  (o)I(m)  „ 

“  1  X(.*)r(»u<)  SiiUI  e  microvolts/meter  (IV.10.2) 

Plots,  or  charts,  of  the  dependence  of  the  magnitude  of  the  field  strength 
on  the  direction  at  the  point  of  observation  are  called  radiation  patterns. 
Radiation  pattern-'  •>>•<,  "cually  constructed  in  polar  or  rectangular  systems 
of  coordinates. 

Figure  IV. 10.1  shows  the  radiation  pattern  for  an  elementary  dipole 
plotted  in  a  poiar  system  of  coordinates. 

% 

The  field  strength  at  the  point  of  observation  defines  the  magnitude 
(amplitude),  as  well  as  the  phase,  which,  in  the  general  case  too  can  depend 
on  the  direction  at  this  point.  Therefore,  the  concept  of  phase  radiation 
pattern,  understood  to  mean  the  dependence  oi  the  field  strength  phase  on 
the  direction  at  the  point  of  observation,  is  sometimes  introduced. 


Figure  IV, 10.1.  Radiation  pattern  for  an  elementary  dipole  in  a 
polar  system  of  coordinates. 
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#IV.ll.  Power  Radiated  by  a  Bipolo 

Let  us  imagine  a  spherical  surface,  in  the  center  of  which  wo  have 
.located  a  dipole.  The  flow  of  energy  per  unit  time  over  this  surface  is 
the  radiated  power.  This  power  can  be  expressed  analytically  by 

Pk  ■=  §S„dFi  (IV.U.l) 

where 

dF  is  the  elemental  area  on  che  closed  surface  surrounding  the  dipole; 
sn  is  the  component  of  Poynting's  vector  normal  to  surface  dF, 

dF —  r’sinOdOd"?. 

Substituting  the  expression  for  dF  in  formula  (IV.U.l), 

P--fr' 

x  rt 

The  energy  flowing  in  direction  r  over  1  m  of  the  surface  of  the  sphere 

is  determined  by  tiie  components  of  the  vectors  for  the  strengths  of  the 

electric  and  magnetic  fields  normal  to  r,  that  is,  E  and  H  . 

9  cp 

From  Poynting's  theorem  and  the  rules  for  multiplying  vectors, 


S./-*sinOrffi. 


(IV. 11. 2) 


s,  —  r0S,  »  [*>(>£,  =  [&e?o]  “  roEt  »■  (IV. u. 3) 

where 

_  ' 
r0’  ®o  u0  are  un**'  vectors  directed  toward  the  increase  in  radius  r 

and  of  angles  9  and  y. 

From  (IV. U. 3), 

s„  =  £,  Hf . 

(IV.il.4) 


»-»  't*fl  tmm 


*5  and  are  harmonic  functions  oi  time.  If  their  expressions  from 
formula  (IV.8.16)  are  substituted  in  formula  (IV. 11. 4),  we  obtain  an  ex¬ 
pression  for  the  instantaneous  value  of  S^.  We  are  interested  in  the  average 
value  of  for  the  period,  however.  The  average  value  for  the  period  of 
the  product  of  the  two  magnitudes  A  and  B,  which  are  harmonic  functions  of 
time,  and  which  hava  the  complex  amplitudes  AQ  and  B0,  equal  the  real  part 
of  the  product 


1/2 


V*0’ 


wnere 


Bq  is  a  complex  magnitude  conjugate  with  B  . 

Thus,  the  average  value  of  the  component  $  of  Poynting's  vector  equals 

n 

-J  -Oi  % ,  (IV. 11. 5) 

where 


1 


E09  and  HOcp  are  the  comPlex  amplitudes  of  the  magnitudes 


and  H  . 

c? 
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.  The  result  of  the  integration  of  the  power  with  respect  to  the 
spherical  surface  in  a  lossless  medium  is  not  dependent  on  the  radius  of 
this  surface.  In  order  to  simplify  the  calculations  we  will  assume  that  the 
radius  of  the  sphere  is  so  great  that  the  spherical  surface  passes  through 
the  radiation  zone.  In  this  zone 


Substituting  the  expressions  obtained  in  (IV. 11. 2),  we  obtain  the 
following  formula  for  the  average  radiated  power 


w- 


£irssin 


dd  6. 


(iv.ll.6) 


The  subscript  ft  for  E^  is  omitted  because  there  is  only  one  component 
of  the  Eq  vector  in  the  far  zone. 

Equation  (IV. 11. 6)  is  the  general  expression  for  the  power  radiated  by 
any  antenna  if  we  understand  Eq  to  be  the  amplitude  of  the  field  strength 
in  the  far  zone. 

Taking  the  expression  for  the  amplitude  of  the  field  strength  vector 
from  equation  (IV.9.7)  and  integrating,  we-  obtain  the  following  formula  for 
the  power  radiated  by  the  elementary  dipole. 


where 

VT.  is  the  characteristic  impedance  of  the  medium. 


#IV.12.  Dipole  Radiation  Resistance 

By  analogy  with  other  electrical  circuits,  the  proportionality  factor  for 
power  expended  and  half  the  square  of  the  current  amplitude  can  be  called 
the  dipole's  pure  resistance.  This  pure  resistance  is  called  the  radiation 
resistance  and  is  designated  by  R^.. 

Thus, 


(IV.12.1) 


In  free  space  =j  40/e0 


120tt  rj  377  ohms,  and 


(IV.12.2) 


The  radiation  resistance  is  only  a  part  of  the  active  component  of 
the  dipole  resistance,  measured  at  the  point  where  the  emf  source  is  con¬ 
nected.  The  real  dipole  has  other  components,  in  addition  to  the  radiation 
resistance,  which  determine  losses  in  the  dipole  conductors  and  in  the  sur- 
r<  unding  medium. 


% 
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ANTENNA  HADIATION  AND  RECKI’TION  THEORY 

#V . 1 .  Derivation  of  tho  Single  Conductor  Radiation  Pattern  Formula 

A  long  conductor  can  be  considered  as  the  sum  of  the  elementary  dipoles, 
and  the  field  strength  in  any  direction  can  be  found  by  integrating  field 
strength  for  the  components  of  its  elementary  dipoles  with  respect  to  the 
length  of  the  conductor.  The  field  strength  of  an  elementary  dipole  depends 
on  the  current,  so,  in  order  to  solve  the  problem  posed  here  it  is  first 
necessary  to  determine  current  distribution  along  the  conductor.  This  is 
an  extremely  ciiinpt  1  i  nled  prolil  eiii.  Moreover,  current  (linlrihulion  along  llit* 
conductor  and  the  field  structure  in  the  space  around  it  are  interdependent, 
and  it  is  impossible  to  solve  these  two  problems  separately. 

We  will  limit  ourselves  here  to  an  exposition  of  a  rather  imprecise 
solution  which  assumes  the  radiating  conductor  to  be  a  line  with  characteristic 
impedance  unchanged  along  its  length.  Now  current  distribution  can  be  estab¬ 
lished  by  using  the  laws  contained  in  the  theory  of  uniform  long  lines. 
Actually,  there  is  no  basis  for  this  assumption.  The  distributed  constants 
and  the  characteristic  impedance  of  a  radiating  conductor  do  not  remain  con¬ 
stant  over  the  entire  length  of  the  conductor.  But  experience  is  that  the 
actual  current  distribution  along  the  conductor  coincides  extremely  closely 
with  the  distribution  this  assumption  stipulates.  The  smaller  the  conductor 
diameter,  the  greater  the  coincidence. 

Long  line  theory  data  tell  us  current  distribution  along  a  conductor 
with  constant  characteristic  impedance  along  its  length  can  be  determined 
through  the  following  formula, 


,  t  r  ~YZ  -y(2l-z) 

I  =  Iin£e  ♦  Pje  h 


(v.l.l) 


I.  is  the  incident  wave  current  at  the  « enerator  end; 
m 

z  is  the  distance  from  the  point  of  application  of  the  emf  to  a 
specified  point  on  the  conductor; 

Pj.  is  the  current  reflection  coefficient. 

We  will  consider  the  conductor  as  the  sum  of  the  elementary  dipoles. 
Then  the  field  of  element  dz  can  be  determined  through  formula  (IV.10.1). 
Substituting  the  expression  for  I  from  formula  (V.l.l)  in  formula  (IV.10.1), 
we  obtain  the  following  expression  for  the  field  strength  created  in  the  fat- 
zone  by  element  dz 


1  A, Vi.  < 
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Figures  V.2.1  through  V.2.3  contain  a  series  of  radiation  patterns  for 


various  values  of  t/X,  charted  without  regard  for  attenuation.  As  will  be 
seen,  the  patterns  arc  symmetrical  with  respect  to  the  dipole  axis  and 
asymmetrical  with  respect  to  the  normal  to  this  axis.  The  larger  t/X, 
the  greater  this  asymmetry.  As  l/\  increases  the  angle  formed  by  the 
direction  of  the  maximum  concentration  of  energy  and  the  axis  of  the  conductor 
decreases. 


Figure  V.2.1.  Radiation  pattern  for 
a  single  conductor  passing  a  travel¬ 
ing  wave  of  current,  cc‘  nuted  with¬ 
out  taking  current  attenuation  in  the 
conductor  into  consideration; 

t/X  =  0.5. 


Figure  V.2.2.  Radiation  pattern  for 
a  single  conductor  passing  a  travel¬ 
ing  wave  of  current,  computed  without 
taking  current  attenuation  in  the 
conductor  into  consideration; 

1/X  =  1.0. 


Figure  V.2.4  shows  the  radiation  pattern  charted  with  attenuation  con¬ 
sidered  for  i  =  3\  and  3 l  =  0.6.  The  magnitude  of  3 l  is  taken  from  design 
data  for  attenuation  in  conductors  passing  a  traveling  wave  of  current  when 
the  characteristic  impedance  is  300  ohms. 

As  will  be  seen,  the  outstanding  feature  of  the  radiation  pattern  charted 
with  attenuation  considered  is  the  absence  of  a  direction  in  which  radiation 
is  equal  to  zero,  with  tho  exception  of  the  direction  along  the  axis  of  the 
conductor. 


i 


4 


i 
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Figure  V.2.3.  Radiation  pattern  for  a  single  conductor  passing  a 

traveling  wave  of  current,  computed  without  taking  current 
attenuation  in  the  conductor  into  consideration; 
l/A  =  3.0. 


Figure  V.2.4.  Radiation  pattern  for  a  single  conductor  passing  a 

traveling  wave  of  current,  computed  with  current  attenua¬ 
tion  in  the  conductor  taken  into  consideration; 
l/l  =  3*0;  01  —  0.6. 


(b)  Single  conc.:ctor,  open-ended 

If  the  conductor  is  open-ended  the  reflection  factor 
In  this  case  it  is  convenient  to  express  the  field  strength  in 
current  at  the  generator  end  (1^).  The  dependence  between  I^n 
determined  through  formula  (V.l.l)  by  substituting  p^  =  -1  and 
stituting,  we  obtain 


is  Pj  =  -1. 
terms  of  the 
and  Iq  can  be 
z  =  0.  Sub- 


I. 

in 


n  As 


_ 5 _ 

2sh7/c-,, 


(V.2.3) 


Substituting  p^  =  -1  and  the  expression  for  I^n  from  formula  (V.2.3) 
in  formula  (V.1.3),  and  omitting  the  factor  characterising  the  field  phase, 
we  obtain 


iu-008- f>8 


E,  •=  1  .  x 

/,  slit/ 

|  --cli  k  I  cos  Osliy  /  j  ■ — —  [cos  (i  /  cosO)  -f  i  sin  (»  /  cos  0)J 

cos' °+ 


(V.2.4) 


If  the  attenuation  (y  =  ice)  in  the  factor  which'  takes  directional 
properties  into  consideration  is  disregarded,  formula  (V.2.4)  becomes 

r  30 /«  ( cos  (a /cos  0)  —  cos  « /|  +  I  [sin  (« /cos  0)  — sin  « /cos  0) 

L'  ~  “7^77  171  (V.2.5) 


Figures  V.2.5  through  V.2.8  show  <»  series  of  radiation  patterns  for  a 
conductor  passing  a  standing  wave  of  current  for  different  values  of  l/X • 
Formula  (V.2.5)  was  used  to  chart  the  curves  in  figures  V.2.6  through  V.2.8. 


Figure  V.2.5.  Radiation  pattern  for  a  single  conductor  passing  a 

standing  wave  of  current,  computed  without  taking  attenua¬ 
tion  into  consideration;  l/\  =  0.5. 


The  radiation  patterns  are,  as  we  see.  symmetrical  with  respect  to  the 
normal  to  the  axis  of  the  conductor.  This  should  have  been  expected  since 
the  conductor  with  total  reflection  at  its  end  will  pass  two  traveling  waves 
of  identical  intensity,  an  incident  wave  and  a  reflected  wave;,  provided  there 
is  no  attenuation. 

Each  wave  of  current  matches  its  own  radiation,  pattern  asymmetrical 
relative  to  the  normal  to  the  conductor  axis.  The  summed  radiation  pattern 


obtained  is  symmetrical  relative  to  the  normal  to  the  conductor  axis* 


.  ,  100  90  ,  fy 

ifl  '  -  7* 
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Figure  V.2.6*  Radiation  pattern  for  a  single  conductor  passing  a 
standing  wave  of  current,  computed  without  taking 
attenuation  into  consideration;  t/X  =  1.0. 
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#V.3»  The  l)a lanced  Dipole.  Current  Distribution  in  the  Balanced 
Dipole. _ 

A  balanced  dipole  is  a  straight  conductor  of  length  21,  center-fed, 
the  ends  of  which  are  no  .  terminated.  The  balanced  dipole  is  a  distribution 
type  antenna  and  is  the  basic  radiating  element  in  many  complex  antennas. 

First  of  all,  let  us  find  the  current  distribution  in  the  balanced 
dipole,  bet  us  use  formula  (V.l.l)  for  this  purpose.  Let  us  designate  the 
distance  from  the  center  of  the  dipole  to  a  point  under  consideration  in 
one  of  the  halves  by  z  (fig.  V.3.1.). 


Figure  V.3.1.  Schematic  diagram  of  a  balanced  dipole. 

Since  the  conductor  is  not  terminated  p^  -  —1  must  be  substituted  in 
formula  (V.l.l).  Making  this  substitution,  and  using  the  relationship  at 
(V.2.3),  we  obtain  the  following  expression  for  the  current, 


/  _  /  thT(<-*) 

'  *  sh»/ 


(V.3.1) 


If  current  attenuation  in  the  conductors  is  disregarded,  that  is,  if 
we  assume  that  y  =  i®,  then 


slna(/  —  r) 
sin  a  I 


I,  sin  Q'(l-z), 
loop  ’ 


(V.3.2) 


where 

Iloop  *s  tlle  current  flowing  in  a  current  loop. 

Figure  V.3.2, shows  several  curves  for  current  distribution  along  a 
balanced  dipole. 


Figure  V.3.2.  Current  distribution  along  a  balanced  dipole 
for  different  l/\  ratios. 


HA-OOfl-68 


101 


I 

i 

* 


i 


#V.4.  The  Radiation  Pattern  of  a  balanced  Dipolo  in  Free  Space 

Formula  (V.2.4)  expresses  the  field  strength  for  each  of  the  conductors 
of  a  balanced  dipole  in  the  radiation  zone. 

The  field  strength  of  a  balanced  dipole  can  be  represented  in  the  form 
of  the  sum  of  two  terms  expressed  by  formula  (V.2.4).  And,  in  accordance 
with  the  system  of  coordinates  selected  in  the  derivation  of  formula  (V.2.4) 
(fig.  V.l.l),  the  expression  for  field  strength  created  by  the  right  con¬ 
ductor  is  in  complete  coincidence  with  (V.2.4),  but  Q  roust  be  replaced  by 
180°  +  0  in  the  expression  for  the  field  strength  created  by  the  left  con¬ 
ductor.  Moreover,  if  it  is  taken  that  positive  for  the  current  is  to  the 
right  of  the  origin,  then  1^  in  the  expression  for  the  field  strength  created 
by  the  left  conductor  must  be  replaced  by-Ig.  From  what  has  been  said,  then 


fiO  /„  .tin  0  cli  it  —  cot  (Went  0) 


nil  7/ 


im'  (l  j 


1, 

a 


(V.4.J) 


t 


Figure  V.4.1.  Radiation  pattern  for  a  balanced  dipole  for 
different  l/X  ratios. 

Disregarding  current  attenuation  in  the  dipole  (y  =  io-)  during  the  cal¬ 
culation  of  directional  properties,  and  dropping  the  factors  which  characterize 
phase,  we  obtain 

_  cot  (t  I  cos  0)  —  co  ill 

1  r,jli77  sin  6  ’  (V.4.2) 
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Expressing  the  current  /lowing  at  the  point  of  supply  (I  )  in  terms 

of  the  current  flowing  in  the  loop  (I,  )  through  formula  I_  =  I,  sh  vt , 

r  loop  0  loop 


E  =  601,  /r_  cos(<yi  cos  0)~cos  crl/sin  0 

0  loop  O 


(V.4,3 ) 


Rutting  1  -  X/4  in  formula  (V.4.3),  ve  obtain  an  expression  for  the 
radiation  pattern  of  a  half-wave  dipole 


E  =  60  I  /r 
6  loop  0 


003(17/2  cos  3) 
sin  0 


(V.4.s) 


Figure  V.4.1  charts  a  scries  of  radiation  patterns  of  a  balanced  dipole 
in  free  space  for  different  values  of  l/\.  As  we  see,  the  increase  in  the 
l/X  ratio  is  accompanied  by  narrowing  of  the  radiation  pattern.  When 
t/X  >  0.5,  there  are  parasitic  lobes,  in  addition  to  the  major  lobe,  which 
has  a  maximum  radius  vector  normal  to  the  dipole  axis.  When  l/X  =  1)  there 
is  no  radiation  in  the  direction  normal  to  trie  dipole  axis. 


#V.5.  The  Effect  of  the  Ground  on  the  Radiation  Pattern  of  a  Balanced 

Dipole _ 

la)  General  considerations 

The  foregoing  discussed  radiation  from  a  balanced  dipole  in  free  space. 
let  us  now  consider  a  dipole  located  near  the  earth's  surface. 

Electric  currents  flow  in  the  ground  ns  a  result  of  the  effect  produced 
by  the  dipole's  electromagnetic  field.  In  the  general  case  these  currents  are 
the  conduction  and  displacement  currents.  The  conduction  current  density 
is  determined  by  the  ground  conductivity,  and  equals  j  =  y^E,  while  displace¬ 
ment  current  density  is  determined  by  the  dielectric  constant  for  the  greunu, 
e,  and  is  equal  to  j  =  e  dE/dt,  where  E  is  the  electric  field  strength 
vector  at  the  point  on  the  ground  under  consideration.  Distribution  of 
currents  on  the  ground  depends  on  the  height  at  which  the  dipole  is  located, 
its  length,  tilt  with  respect  to  the  earth's  surface,  wavelength,  and  ground 
parameters. 

The  current  flowing  in  the  ground  is  equivalent  to  a  secondary  field. 

The  interference  generated  by  primary  and  secondary  field  interaction  causes 
dipole  field  strength  to  change,  not  only  in  the  immediate  vicinity  of  the 
dipole,  but  at  distant  points  as  well.  Change  in  the  field  structure  near 
the  dipole  leads  to  some  change  in  the  distribution  of  current  flowing  in  the 
dipole,  and  to  a  corresponding  change  in  the  dipole's  input  impedance. 

A  precise  calculation  of  the  influence  of  the  ground  on  antenna  radia¬ 
tion  is  a  very  complicated  problem,  and  has  not  yet  been  completely  resolved. 
If  the  ground  is  represented  as  an  ideal  flat  conouctor  (y  =  05)  of  infinite 
extent  the  problem  is  easy  to  solve.  In  thi's  case  it  is  comparatively  simple 
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to  establish  tlsc  chmuic  in  the  radiation  pattern,  as  well  as  the  change  in 
the  dipole's  input  impedance. 

(b)  Radiation  pattern  of  a  balanced  dipole  in  the  vertical 
p 1 ane,  dipole  over  flat  ideal  ground _ 

In  the  ideal  ground  case  (y  =  m) ,  electric  currents  in  the 
ground  are  present  only  in  the  form  of  surface  conduction  currents.*  The 
system  of  ground  currents  is  such  that  as  a  result  of  the  superposition  of 
the  field  of  the  ground  currents  on  the  field  of  the  dipole  currents  a  field 
is  formed  such  that  a  field  satisfying  the  boundary  conditions  at  the  surface 
of  the  ideal  conducto*"  is  formed  at  tne  ground  surface.  The  tangential  com¬ 
ponent  of  tne  E  vector  and  the  normal  component  of  the  H  vector  equal  zero. 

It  is  relatively  simple  to  explain  why  boundary  conditions  at  ground 
level  can  be  satisfied  if  we  replace  the  system  of  ground  currents  with  a 
miiror  image  of  dipole  currents  (fig.  V.5.1). 

In  the  horizontal  dipole  case  (fig.  V.5.1a)  the  current  flowing  in  the 
miiror  image  has  an  amplitude  equal  to  the  amplitude  of  the  current  flowing 
in  the  dipole,  but  180°  out  of  phase. 


Figure  V.5.1.  lior.zontal  and  vertical  dipoles  and  their 
Mirror  images. 

In  the  vertical  dipole  case  (fig.  V.5.1b)  the  current  flowing  in  the 
mirror  image  equals  the  dipcle  current,  in  amplitude  and  in  phase. 

The  fact  that  the  dipole  field  and  the  mirror  image  satisfy  the  boundary 
conditions  over  an  entire  infinite  surface  of  an  air-ground  section  is 
sufficient  reason  for  asserting  that  a  field  created  by  currents  flowing  at 
ground  level  is  exactly  like  the  field  created  by  the  mirror  image,  and 
this  is  so  for  any  point.  Therefore,  we  can  replace  the  ground  with  the 
dipole's  mirror  image  when  charting  the  pattern  (charting  the  field  at  a 
long  distance  from  the  dipole). 

Let  us  consider  the  radiation  patterns  of  a  balanced  dipole  in  the 
vertical  plane  passing  through  the  dipole  axis  in  the  vertical  dipole  case 
(the  meridional  plane),  and  in  the  horizontal  dipo'le  case  that  in  the  plane 
passing  through  the  center  of  the  dipole  normal  to  its  axis  (equatorial 
plane) . 


1.  For  the  vertical  dipole  current  flow  in  the  ground  is  radial;  for 
the  horizontal  d  pole  it  is  parallel  to  the  dipole  axis. 
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E^  is  the  electric  field  strength  of  the  wave  formed  by  the  dipole,  and 
E0  is  the  electric  field  strength  of  the  wave  formed  by  the  mirror  image. 
Moreover,  H  is  the  distance  from  the  center  of  the  dipole  to  the  ground  sur¬ 
face  (fig.  V.5.2) . 


Figure  V.5.2.  Determination  of  the  difference  in  propagation 
between  l^eams  emanating  from  a  dipole  and  its 
mirror  image. 

a  -  horizontal  dipole;  b  -  vertical  dipole. 


Let  us  assume  that  r  M(  in  which  case  the  beams  from  the  dipole  and 
those  from  the 'mirror  image  can  be  taken  as  parallel  (they  have  the  same 
angle  of  tilt,  A). 

The  field  strength  resulting  from  the  mirror  image  of  the  vertical  dipole 
equals 


E2  = 


B^P 


The  field  strength  resulting  from  the  mirror  image  of  the  horizontal 
dipole  equals 


where 


E2  = 


cp  is  the  phase  displacement,  determined  by  the  difference  in  the 
P 

propagation  of  the  beams  from  the  dipole  and  from  its  mirror 
image. 

The  difference  in  propagation  is  equal  to  CB  =  2H  sin  A, 


-2q'  H  sin  A » 


Accordingly,  the  vertical  dipole  field  strength  equals 
E  =  /:,•  ■£*  =  ( 1  f-C  ). 

V 

Horizontal  dipole  field  strength  equals 

«  ^  -  r  It  \ 

s  £4  ( 1  ®  ** 


'■  .1 


1 


iPW?  **"-’■' ' 
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From  formula  (V.4.3),  for  the  vertical  dipole  (0  =  90°  -  &) 


E,  =  601,  /r„  cos(<yl  8inA)-cos  od/cos  A 

1  loop  0 


(V.5.1) 


and  for  the  horizontal  dipole  (@  =  90°) 


I 


(  r 


E  =  601,  /r  (l  -  cos  ert  )  • 
1  loop  0 


(V.5.2) 


Substituting  the  values  for  E^  from  (V.5.1)  and  (V.5.2)  in  the  expressions 

for  E  and  E.  ,  replacing  the  exponential  functions  with  trigonometric 
v  n 

functions,  and  omitting  the  factors  which  characterize  the  phase, 

E  =  120  I,  /r.  cos (ryl  ein  A)-cos  crl/cos  A*cos(aH  sin 
v  loop  0 

(v.5.3) 

E,  =  120  I,  /r  ( 1  -  cos  (j'l)sin(ol!  sin  a)»  (V.5.4) 

h  loop  0 


I  .  > 


(c)  Radiation  pattern  of  a  balanced  dipole  in  the  vertical 
plane,  dipole  over  flat  ground  of  finite  conductivity. 
Approximate  and  precise  solution  to  the  problem. 

In  the  real  ground  case  the  ground  carries  a  system  of  currents 

created  by  the  effect  of  the  dipole  field  which  is  not  the  equivalent  of  the 

dipole's  mirror  image.  But,  as  /e  shall  see,  when  we  compute  field  strength 

at  extremely  long  distances  from  the  dipole  we  can  use  a  method  for  so  doing 

which  is  similar  to  that  for  rai  ror  images. 

Let  us  suppose  we  hnv—  elementary  dipole  set  up  over  the  ground  sur¬ 
face.  The  elementary  oipoie  radiates  sphei ical  waves.  A  precise  analysis 
of  the  effect  of  the  ground  on  the  structure  of  the  field  which  is  the 
source  of  spherical  waves  is  extremeley  complicated,  and  a  full  explanation 
is  not  one  of  our  tasks.  We  shall  give  a  brief  explanation  of  the  precise 
analysis  in  wnat  follows,  and  we  shal 1  prove  that  if  reception  occurs  at  an 
extremely  long  distance  from  the  point  of  radiation  it  is  permissible  to 
analyze  the  effect  of  the  ground,  regardless  of  the  height  at  which  the 
dipole  may  be  above  it,  and  assuming  the  dipole  is  radiating  a  plane  wave. 
This  will  make  it  possible  to  use  the  theory  of  the  reflection  of  plane 
waves  (the  geometric  optics  method),  in  order  to  determine  field  strengt’  at 
a  long  distance  from  the  dipole. 

Data  from  this  theory  tell  us  that  a  plane  wave  incident  to  a  flat, 
infinitely  large  surface  will  be  reflected  from  it  at  an  angle  equal  to  the 
angle  of  incidence. 

The  angle  of  incidence  is  that  angle  formed  by  the  direction  in  which 
the  beam  is  propagated  end  the  normal  to  the  reflecting  surface. 

The  amplitude  of  the  reflected  wave  is,  in  the  general  case,  less  than 
the  amplitude  of  the  incident  wave  because  some  of  the  energy  is  lost  in  the 
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reflecting  medium.  The  phase  of  the  reflected  wave  will  depend  on  ground 
parameters,  the  angle  of  incidence,  and  the  polarization  of  the  vector 
for  the  electric  field  strength  for  the  incident  wave. 

Let  us  distinguish  between  parallel  and  normal  polarization.  A  wave  is 
said  to  have  parallel  polarization  when  the  electric  field  strength  vector 
is  normal  to  the  plane  of  incidence.  The  plane  of  incidence  is  a  plane  normal 
to  the  reflecting  surface  and  containing  the  direction  in  which  the  beam  is 
propagated. 

The  vertical  dipole  builds  up  an  electromagnetic  field  only  with  parallel 
polarization. 

The  horizontal  dipole  builds  up  an  electromagnetic  field  only  with 
normal  polarization  in  the  equatorial  plane.  The  horizontal  dipole  builds 
up  electromagnetic  fields  with  both  normal  and  parallel  polarization  in 
other  planes. 

The  relationship  between  the  field  strength  of  the  reflected  wave  and 
the  field  strength  of  the  incident  wave  at  the  point  of  reflection  is 


*,=!*, I*' 


>►1  _  ,'sinA_  V *• ~ cosi 4 

«/■  sin  A  +  V  t,  —  cos*  A 


(V.5.6) 


when  the  electric  field  strength  vector  is  parallel  to  the  plane  of  incidence, 


.  1*  sin  A  —  y  i.~-  cos*  A 

RX  =|fljL X  “ - 

sin  A  H-  i,  —  cos*  A 


(V.5.7) 


when  the  electric  field  strength  vector  is  normal  to  the  plane  of  incidence. 

Here  |R|||  and  |R_Jare  the  ratios  of  the  amplitudes  of  the  field  strength 
vector  for  the  reflected  beam  to  the  amplitudes  of  the  field  strength  vector 
for  iha  incident  beam  for  parallel  and  normal  polarizations,  raapertivel v 
(the  moduli  of  the  reflection  factors);  and  $  are  the  phase  displacements 
between  the  field  strength  vectors  for  the  incident  and  reflected  waves  for 
parallel  and  normal  polarizations,  respectively  (arguments  for  the  reflection 
factors) ; 

is  the  relative  complex  dielectric  constant  for  the  ground, 
e'  =  e  -  i60v  where  e  =  e/e„  is  the  relative  dielectric  constant  for 
the  ground;  that  is,  the  ratio  of  the  dielectric  constant  for  the  ground 
to  the  dielectric  constant  for  free  space. 

The  magnitudes  R,,  and.  R  are  known  as  the  reflection  factors,  or  the 
<* 

Fresnel  coefficients. 

Utilizing  the  data  cited  from  the  theory  of  the  reflection  of  plane  waves, 
we  obtain  the  following  expression  for  field  strength  at  a  long  distance  from 
the  source 

E  ‘  E1  +  E2  • 
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where 

is  the  field  strength  of  a  beam  directly  incident  at  the  point  of 
observation.  is  found  through  the  formula  for  a  dipole  in  free 
space; 

E  is  the  field  strength  of  a  beam  reflected  from  the  ground. 

* 

If  the  distance  from  the  dipole  to  the  point  of  observation  is  very  much 
greater,  than  H  the  directions  in  which  these  two  beams  are  propagated  can  be 
considered  as  parallel  (both  beams  have  the  same  angle  of  tilt). 

The  reflected  beam  field  strength  equals 

£,  =  Et  \R\  e“?+V  . 

where 

|R|  and  $  are  modulus  and  argument  for  the  reflection  factor,  found 
through  formula  (V.5.6)  in  the  case  of  the  vertical  dipole,  and 
through  formula  (V.5.7)  in  the  case  of  the  horizontal  dipole,  if 
reception  is  in  the  equatorial  plane; 

cp  is  the  angle  of  the  phase  displacement,  determined  by  the  difference 
in  propagation  between  the  incident  and  the  reflected  beams. 

The  difference  in  propagation  equals  AC-AB  (fig.  V.5.3)«  Correspondingly 


Substituting 


<n  = 
P 


-<*(  AC-AB)  . 


AC  «»  H/ sin  A 

and 

AD  =  AC  cos  2A  =>  JicSl31 
.  sin  A 

and  converting, 


Thus, 


9,  —  —  s2//  sin  A. 


E  =  El  i-  Et  £,  [l  -!•  |«|c,(+_:,"'inl>]  . 


(v.5.8) 


If  we  imagine  the  ground  as  absent  and  that  an  identical  dipole  is 
located  at  distance  2H  from  the  dipole  in  a  direction  normal  to  the  plane  of 
the  section  (fig.  V.5.3),  the  difference  in  propagation  between  the  beams 
from  the  main  and  the  second  dipoles  will  equal  A^D  =  2H  sin  A*  that  is, 
the  same  relationship  as  exists  between  the  outgoing  and  the  reflected  beams. 

And  if.  in  addition,  it  is  assumed  that  the  current  flowing  in  the  second 
dipole  equals  I.  -  I,R,  the  amplitude  and  phase  of  the  second  dipole's  field 
strength  will  be  exactly  these  of  the  reflected  beam. 

So,  in  the  case  specified,  as  in  the  case  of  the  ideally  conducting 
ground,  when  the  field  is  established  as  being  at  a  great  distance  from  the 
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dipole,  the  ground  can  be  replaced  by  a  distorted  mirror  image  of  the  dipole, 
and  the  current  flowing  in. the  image  should  equal  the  current  flowing  in  the 
dipole  multiplied  by  the  reflection  factor.  As  follows  from  formulas  (V.5.6) 
and  (V.5.7),  the  reflection  factor  depends  on  the  angle  of  tilt.  Correspond¬ 
ingly,  the  amplitude  and  phase  of  the  image  current  depend  on  the  location 
of  the  point  of  observation. 


Figure  V.5.3*  Analysis  of  the  directional  properties  of 
a  dipole. 


This  method  of  establishing  the  field  strength  at  a  long  distance  from 
the  elementary  dipole  can  be  used  to  establish  the  field  strength  of  a 
balanced  dipole,  taking  it  as  the  sum  of  the  elementary  dipoles. 

The  field  strength  of  a  vertical  balanced  dipole  equals 

E  «E  ♦£  .E  [It  |R„|ei($ir2QHainA)]. 
v  vl  v2  vl  " 

The  field  strength  of  a  horizontal  dipole  in  the  equatorial  plane 
equals 

*  V  ■  V*  *  >1. 

E^j  and  E^  are  the  field  strengths  of  the  outgoing  beams  from  the  vertical 

and  horizontal  dipoles.  E  ,  and  E,  ,  can  be  established  through 

vl  hi 

the  formulas  for  free  space; 

E  _  and  E,  _  are  the  field  strengths  of  the  reflected  beams,  or,  what  is 
v2  h2 

the  same  thing,  the  field  strengths  of  images  equivalent  to 
real  ground ; 

H  is  the  height  at  which  the  horizontal  dipole  is  suspended.  H 

is  the  height  of  suspension  of  the  mean  point  in  the  case  of  the 
vertical  dipole. 

Substitut-sg  the  expressions  for  E  and  E  from  (V.J5.1)  and  (V.5.2), 
converting,  and  omitting  the  factors  which  characterize  field  strength  phase, 
we  obtain  the  following  expressions  for  the  vertical  plane  radiation 
patterns  for  vertical  and  horizontal  dipoles: 


F.  = 
v 


601.  /r 
loop  0 


COt  (a  I  tin  A)  —COS  a  l 

cot  A 


Kl  -Hfl ,  i’+2  \~R  t !  C0S(«1» ,  -2*  //  sinA) .  (V.5.9) 


H'  1 
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E  =  601,  /r  (1  -cosa/)yi  -1-  \R  ,  |* -f  2\R  ,  (co^OI*.  —  2ifl sin &).  (v.5.10) 
n  loop  0 

What  follows  is  a  brief  explanation  of  Weyl's  work,  which  provides  a 
precise  analysis  of  the  elementary  dipole,  and  what  follows  from  this 
analysis  is  that  the  approximate  theory  of  the  radiation  fro*  a  dipole  close 
to  the  ground  discussed  here  and  based  on  the  theory  of  the  reflection  of 
plane  waves  (the  geometric  optics  method)  provides  correct  results  at  long 
distance  from  the  dipole  if  the  error  resulting  because  the  earth  is  not 
flat  is  disregarded. 

The  components  of  the  electromagnetic  field  are  established  by  vector 
potential  A  (see#IV.8). 

From  formula  (IV. 8. 3),  the  vector  potential  for  the  elementary  dipole 
in  free  space  equals 

y.  Idl  Q-Ur  .  e-1*' 

*t-TT — 7 — “  A>  ~  • 


Aq  is  a  coefficient  which  does  not  depend  on  r. 

This  expression  for  the  vector  potential  corresponds  to  a  spherical 


It  can  be  proven  that 


,  t+l" 

?«  9 


e  i,r  . «  r . .  i‘  f 

- - ,-2-  J  d*  J  t  sin  r,  d  rp 


In  fact,  let  us  designate  the  right-hand  side  of  equation  ( 1 ' )  by  the 
letter  n»  Integrating  the  right-hand  side  with  respect  to  <jr, 


*  2 

/7^-ia  J  e— Sin  r,  dr,  =  —i.  j*  e-l«rcoir,  d  (—(»/•  cos  rj.  (2») 

0  *0 

Let  us  put  -i(*r  cos  71  =  Then  d§  =  i^r  sin  TjdT].  Let  us  make  a  change 
in  the  limits  of  integration 
when  T)  "  0  £  =  -i^r, 

when  T|  =  n/2  +  io§  =  -i^r  cos(tt/2  +  i®)  =  i^r  sin  (i®)  =  -®. 

Substituting  the  new  variable, 

/7  =  -~j  <r  d5  =  -  -i-  eE  J  =  , 

—Ur  —Ur 

Substituting  (if)  in  (IV.8.3), 


—  +loo 
2«  2 


€  a  *  /» 

'  A, - - - =  -  i  A,  —  j  -d</  J  e-,,rco*'l  sin  r,  d  r(. 
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The  expression  under  the  integral  sign  in  the  right-hand  side  of  (3’) 
is  a  plane  wave  propagated  in  3ome  direction  ut  angle  T)  to  the  direction  of 
vector  r;  that  is,  at  angle  7)  to  a  line  joining  the  dipole  and  the  point  of 
observation. 

Thus,  equation  (3*)  demonstrates  that  spherical  waves  radiated  by  an 
elementary  dipole  in  free  space  can  be  represented  in  the  form  of  the  sum 
of  an  infinitely  large  number  of  plane  waves  propagated  at  angle  71  to  the 
direction  of  vector  r  lying  in  the  limits  from  G  to  n/2  +  i®.  The  integra¬ 
tion  is  with  respect  to  the  surface  of  some  sphere  with  radius  equal  to 
unity  (sin  7)d7)dijr  is  an  element  of  a  sphere  with  radiis  equal  to  unity). 
Integration  with  respect  to  the  azimuth  angle  (y)  is  from  0  to  2tt. 

If  the  elementary  dipole  is  above  the  earth's  surface  it.  becomes  obvious 
that  the  geometric  optics  method  discussed  above  can  be  applied  to  each  of 
the  plane  waves,  and  the  expression  for  the  vector  potential  of  an  elementary 
dipole  located  at  height  H  above  ground  can  be  represented  as  follows 


-  +1  0» 

it  J 


‘ ~ ‘ *£T.f  f  e_l,,c“''sin n  («  + 1 d^dn. 


(40 


where 

A1  is  the  angle  of  tilt  to  the  ground  of  a  plane  wave  propagated  in  a 
direction  fixed  by  angles  7)  and  jr;  the  limits  of  change  in  angle  A^ 
are  fixed  by  the  limits  of  change  in  angles  7]  and  y ;  |  R  I  and 
are  the  modulus  and  argument  for  Fresnel's  coefficient  for  angle  A^«. 

Equation  (40  can  be  rewritten 


A 


A  f~  '  « 
A*  2* 


e-L/("»r,-l)  sin  T(  p  (Al)  d  ’sd  r„ 


(50 


where 

p(Ax)  .  1  ♦  laj  ei($r2o'HsiRAi). 

Let  us  introduce  the  new  variable  T  =  i<y(c os  7)-l),  whereupon 
dT  =  -i<y  sin  7)d7);  when  7)  =  0,  T  =  0;  when  7)  =  n/2  +  i®,  T  =  ®. 
Substituting  the  new  variable  in  (50 


where 


L  • 


rd  t  i 


e-,f'  f  A  <r" 

o 

2* 

o* 

/’('■)'=>  J  e-,T  f  (t)  /d  t. 


■ 


,-I«r 


pW. 


(60 


(70 


(80 


1 
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Let  us  expand  the  function  cp ( t )  into  Maclaurin's  series 


V*  M  =*  a»  +  «i  *  +  ®i  ■**  +  •••  +  0,1 1" 
/  (0)  V'  (0) 

o«  =  ¥(0);  0|  =*  -  1y- ;  a,  =  ; ...o* 


Substituting  (91)  in  (81),  we  obtain 

M  •  0* 

p{r)aa0j  <Tnrdx  +  fll  J  c~r1rxdx  + 

0  0 

^  +  ...+an] 

0  5 

Let  us  introduce  a  new  variable  x  =  rT  =  io>r(cos  T|  -  l). 
Substituting  the  new  variable,  we  obtain 


p  (r)  ua  o,  J  e~r  dx -l-  ~  j  <T‘  xt lx  j  c  *  x't lx  h  •  •  • 

a  o  « 


0* 

6,  ~  £  cH*  dx, 

Q 

bi  =  J  c~A  ^x, 

c 


The  coefficients  b„,  b, ,  b_,  b  ,  do  not  depend  on  r. 

0  12  n 

Let  us  find  the  expressions  for  these  coefficients.  Applying  the  metnod 
of  integration  by  parts 

n  cm  to  ^ 

>„•=*  a*  f  x?dx  =»  —  e~x  j  4-  no*  J  e”rdx  =»0-f  ™/il  «“* 

0  0  0  0 

Continuing  the  integration  by  parts 


b  =  a  nl 
n  n 


Substituting  the  expression  for  a^, 

b  =  (0) . 

n  Y 


Correspondingly, 


bQ  =  <p(0), 
b1  =  <p>  (0), 
b2  =  cp"(0), 
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With  (6'),  (14*)  and  (ll1)  in  mind,  we  obtain  the  following  expression 
for  the  vector  potential  of  an  elementary  dipole  above  ground  level 


Q-\*r  c- 

A  ~  /l,  —  -  —  p  (r)  ■-*  A ,  — 


+ 


*'  r 

> —  [v  (0)  -i 

■  /*  J  • 


v’(0) 


(15* ) 


Thus,  the  vector  potential  of  an  elementary  dipole  can  be  expressed 
by  a  series  in  negative  powers  of  r. 

Let  us  prove  that  the  first  term  in  this  series  is  a  magnitude  deter¬ 
mined  by  the  above  discussed  approximate  geometric  optics  method. 

What  follows  from  the  expression  T  =  icy(cos  71  -  l)  is  that  when  T  =  0, 

7)  =  0;  that  is,  the  wave  can  be  propagated  in  a  direction  from  the  dipole 
to  the  point  of  observation. 

Correspondingly,  we  have  A^,  =  A,  where  A  is  the  angle  of  tilt  of  the 
wave  being  propagated  from  the  elementary  dipole  to  the  point  of  observation. 
Thus,  when  T  =  0,  A  =  A»  and  A  does  not  depend  on  With  this  in  mind, 


?( 0)  = 


~  (  P  (A,)dj,  =  ^  j  [l 


J».-* 


=  [1+1*1 

Substituting  the  value  for  cp(0)  found  in  (15'), 


(16') 


Wf 


4-  A,~r-  [l+,«|e^-5*,Wnl,]  + 

C_U,  e-l.r 

+  A,  ~i —  ?'  (0)  +  A,—yj  f‘  (0)  + . . . 


(17’) 


As  we  see,  the  first  term  in  the  series  actually  coincides  with  the 
approximate  expression  arrived  at  by  the  geometric  optics  method.  When  A  =  0, 
the  first  term  of  the  series  equals  zero.  Therefore,  only  the  last  terms  in 
the  series  establish  the  surface  (ground)  waves.  Without  pausing  to  estab¬ 
lish  these  latter  terms  here,  we  will  simply  point  out  that  analysis  too 
reveals  that  their  sum  has  a  maximum  when  A  =  0. 

We  can,  therefore,  confirm  that  if  r  is  so  large  that  the  ground  wave 
field  strength  is  very  much  less  than  the  sky  wave  field  strength  the  first 
term  in  the  series  is  the  complete  expression  for  A  for  any  value  of  A, 
that  is, 


l«r 


(V.5.11) 


The  expression  at  (V.5.11)  corresponds  to  formula  (V.5.8)  for  field 


strength 
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What  has  been  presented  here  demonstrates  that  a  completely  reliable 
criterion  for  establishing  the  value  of  r,  beginning  with  which  we  can  use 
the  geometric  optics  method  to  chart  the  pattern,  is  the  attenuation  of  the 
ground  wave.  The  geometric  optics  method  will  yield  results  which  are 
correct  if  the  point  of  reception  is  at  a  distance  from  the  dipole  such  that 
there  is  practically  no  ground  wave  present. 

In  the  shortwave  area  the  field  attenuation  at  ground  level  is  so  great 
that  within  a  few  tens  of  waves  the  radiation  patterns  charted  through  the 
formulas  obtained  here  coincide  well  with  the  experimental  patterns,  par¬ 
ticularly  in  the  case  of  the  horizontal  dipole  suspended  at  a  height  on  the 
order  of  X/4 ,  and  higher. 

If  it  is  .assumed  that  the  ground  is  an  ideal  conductor  (yy  =  “>),  then 
|  R  ||  |=  |  Rjj  =  1 ,  $|j=0  and  =  l80° .  And  formulas  ( V.5.9)  and  ( V.5. 10 ) 
become  identical  with  formulas  (V.5.3)  and  (V.5.4). 

(d)  Radiation  pattern  of  a  balanced  dipole  in  the  horizontal  . 
plane  for  an  arbitrary  value  of  A 

The  radiation  pattern  of  a  vertical  dipole  is  circular  in  the 
horizontal  plane. 

The  composition  of  the  expression  for  the  field  strength  of  a  horizontal 
dipole  in  an  arbitrary  direction  breaks  each  element,  dt,  of  the  dipole  down 
into  two  component  elements;  one  normal  to  the  plane  of  incidence,  and  ore 
lying  in  this  plane. 

The  length  of  the  first  element  equals  dl  sin  cp,  that  of  the  second 
dl  cos  cp. 

The  element  normal  to  the  plane  of  incidence  only  gives  the  normal  com¬ 
ponent  of  the  field  strength  vector.  The  reflection  factor  for  this  element 
equals  Rj^. 

The  element  lying  in  the  plane  of  incidence  only  gives  the  parallel  com¬ 
ponent  of  the  field  strength  vector.  The  reflection  factor  for  it  equals 
-Rjj.  -The  minus  sign  is  shown  because  in  the  case  of  horizontal  orientation 
of  the  conductor  the  positi  ve  direction  of  the  field  strength  vector  of  the 
wave  propagated  toward  the  ground  and  creating  a  reflected  wave  is  opposite 
in  direction  to  the  positive  direction  of  the  field  strength  vector  of  a  wave 
directly  incident  to  the  point  of  reception  (fig.  V.5.4). 


Figure  V.5-4.  Explanation  of  sign  selection  in  the  case  of  the 
reflection  factor  for  a  parallel  polarized  wave. 

A  -  outgoing  wave;  D  -  reflected  wave. 
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Tho  corresponding  incident  and  reflected  wavts  are  established  aa  a 
result  of  breaking  the  elements  of  the  balanced  dipole  down  into  two  com¬ 
ponents  in  this  same  way.  Doing  the  integration  with  respect  to  the  entire 
length  of  the  dipole,  we  find  the  normal  ( ICj_ )  and  parallel  (E(|)  components 
of  the  field  strength  vector  at  the  point  of  reception. 

Carrying  out  the  mathematical  operations  indicated,  we  obtain  the 
following  expressions  for  the  field  strength  of  a  horizontal  dipole  in  an 
arbitrary  direction. 


50/. 
rt  sh  7  l 


ch  y  /  —  co'.  (t  /  cos  y  cos  A)  sjn  ^ 


—  cos*  9  cos'  A  -j-  - 


X  / 1  -r  \R,  i'  -i-  2  [R\ ; cos  (0t  -  2a  II  sin  A) , 

£  „  ilLIi-SgAlliESilfS liL  cos  ?  sin  A  X 


{V.5.12} 


/■»  sh  7  / 


cos3  9  cos*  A  4- 


x  / i  r  i R ,  Ir-  2j/< , ;  cos  (0 ,  -  2*  //  sill  A ) 


(V.5.13) 


I'he  field  strength  vector  exhibits  elliptical  polarization.  The 


average  value  of  Poynting's  vector  for  the  period,  S  ,  equals 

clV 


$av~ 


2W: 


(V.5.14) 


We  can  introduce  the  concept  of  an  equivalent  field  strength  value, 
establish.  it  through 


E  -  Vw.So^y 


(V.5.15). 


E  is  tne  field  strength  of  a  linearly  pol arized  wave  with  the  same 
eq 

average  Poynting  vector  value  as  the  ellipticaily  polarized  wave  considered. 

In  the  special  case  of  ideally  conducting  ground,  the  field  strength 
vector  becomes  linearly  polarized,  and  formula  (V.5.15)  gives  us  an  expression 
for  the  real  summed  value  of  the  field  strength.  So,  for  ideally  conducting 
ground, 

R  ~Y  i  Rj.  ~i‘  i  1 !/  = 

l2Gi^  ch  X ;  -  cos  fa /  cwywAL  Y 1  ,;CoSi  y  cos^A  Sin  (-.  //  sin  A) 

7 


r*sh  7/  o  ...  7  (v  q  1  n) 

'  —  cos’  9  cos’  A  4-  —  l  »  .  3 .  1 01 

7  <■ 

In  the  general  case,  when  there  are  two  components  of  the  field  strength 
vector  (E^  and  E^J,  not  parallel  and  out  of  phase,  at  the  point  of  reception, 
the  equivalent  value  of  the  field  strength  can  be  expressed  by  the  formula 


eq 


1 


=  YfEtf  -rie*!1  -h  2  !c,|-|tt||cos  Pi  cos  (V.5.17) 
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where 

0  is  the  solid  angle  between  the  and  vectors; 

v1  and  v0  are  the  phase  angles  for  the  and  K,,  vectors. 

j^V , 6 .  '!.! rectionnl  Properties  of  a  System  of  Dipoles 

Modern  shortwave  antennas  are  often  built  in  the  form  of  a  complex 
system  of  dipoles  positioned  in  a  predetermined  manner  with  respect  to  each 
other.  In  what  follows  we  shall  discuss  in  detail  the  methodology  used  to 
analyze  directional  properties  as  they  upply  to  individual  types  of  multi¬ 
element  arrays.  At  this  point  we  will  simply  comment  that  the  directional 
properties  of  a  system  of  dipoles  can  be  analysed  by  summing  the  fields  of 
the  individual  elements  m  the  system,  in  the  same  way  that  the  directional 
properties  of  a  l  .ne  conductor  can  be  analyzed  bysumming  the  fields  of 
its  component,  elementary  dipoles. 

Variously  shaped  radiation  patterns  are  obtained,  depending  on  the 
number,  the  positioning,  and  the  relationship  of  current  amplitudes  and 
phases  for  the  individual  dipoles. 

;?V.7.  General  Formulas  for  Calculating  Radiated  Power  and  Dipole 
Radiation  Resistance 

The  Poynting  vector  method  is  one  way  in  which  to  calculate  the  power 
radiated  by  an  antenna. 

This  method  is  based  on  establishing  the  radiated  power  by  integrating 
Poyr.ting's  vector  in  terms  of  the  surface  of  a  sphere,  with  the  radiating 
antenna  positioned  in  the  center  of  the  sphere.  The  radius  of  the  sphere 
is  selected  such  that  the  surface  of  the  sphere  is  in  the  far  zone  for  the 
antenna. 

This  method  was  described  in  detail  in  Chapter  IV  as  applicable  to  the 
elementary  dipole.  The  following  general  expression  was  obtained  fur  radiated 
power 


p,  =  -L  yr  —  J  £V*sin0</0, 


(V.7.1) 


where 


r  is  the  radius  of  the  sphere  for  which  power  integration  will  be 
made; 

0  is  the  wave's  zenith  angle; 

O  is  the  wave's  azimuth  angle. 

In  general  form,  field  strength  F.  can  bo  expressed  as 


E  =  60I/r  F(cp,A), 


(V.7.2) 


where 


A  =  90°  -  e 


HA-008- 68 


116 


Substituting  0  =  90°  -  A,  and  replacing  the  expression  for  E  from 
formula  (V.7.2)  in  formula  (V.7.1),  and  taking  it  that  for  free  space  and 
air 


we  obtain 


y  it.  =  j/  = w,  =  1 2o~t 


2s  2 

Pt  =  iA  /*  |*  J?  j  r-  (<?,  A)  cos  A  </  A. 

y  « 

~  2 


(v.7.3) 


Conversely,  the  power  radiated  by  an  antenna  can  be  expressed  as 


where 


(V.7.4) 


Rg  is  the  antenna's  radiation  resistance,  equated  to  the  current,  I. 

Comparing  formulas  (V.7.3)  and  (V.7.4),  we  obtain  the  following  general 

expression  for  radiation  resistance  equated  to  current  I, 

« 

U  7 

d-,  ^  F(  A,  ~{)  cos  &  d&.  (V.7.5) 

o  _ 

2 

If  the  antenna  is  located  above  a  flat,  ideally  conducting  surface 
which  coincides  with  the  equatorial  plane  of  the  sphere,  the  integration 
need  only  be  done  with  respect  to  the  upper  hemisphere.  Then,  in  place  of 
(V.7.5)  we  will  have 

« 

2«  2 

#x— “  |  F(l,  o)  cos  Ad  A.  (v.7.6) 

o  o 


Expressions  (V.7.5)  and  (V.7.6)  establish  the  fixed  relationship  bet¬ 
ween  the  shapes  of  the  radiation  patterns  and  the  radiation  resistance. 
These  formulas  can  be  u_-ed  for  any  antenna. 


#V.8.  Calculating  the  Radiation  Resistance  of  a  Balanced  Dipole 

We  will  use  the  general  expression  at  (V.7.5)  to  establish  the  radia¬ 
tion  resistance  of  a  balanced  dipole  in  free  space,  and  we  will  direct  the 
axis  of  the  dipole  along  the  polar  axis  of  the  sphere.  The  radiation 
pattern  of  the  dipole  will  not  depend  on  angle  cp,  and  (V.7.5)  will  take  the 
form  , 


Rt  =60  J  F(A)cosAdA. 

* 

2 


(v.8.1 ) 


Here  we  substitute  the  expression  for  F'(A)-,  for  which  we  will  use  the 

expression  at  (V.4.3),  taking  it  at  the  same  time  that  0  =  90°  -  A.  Making 

the  integration,  we  obtain  the  following  expression  for  radiation  resistance 

equated  to  the  current  in  the  loop,  I  , 

loop' 


tanitttmiarmiBKn' 


t 


<■  J 
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Rt  30  [2  (£  -j- In  2i  /  -  ci  2a  /)  -|- 
sin  2a  /  (si  -la  l  —  2si  2a  /)  -|-  cos  2a  / (£  + 
-|-  In  a  /  -1-  ci  'ia  l  —  2ci  2a  /)  j, 

a 

si  x  is  the  sine  integral  from  the  argument  for  x 


x 

sj  _  ‘  jr  „  ^ _ Li  )  _J  i 

Sl  “  .  «  S3!  ’  5~  S! 


ci  x  is  the  cosine  integral  from  the  argument  for  x 

l*coio  ,  I  a*  .  I  a‘ 

ci  .v  =  —  I  - -  du  =  h  -r  In  x - -  - - 

J  ii  2  21  4  <1 


(V.8.2I 


In  x  is  the  natural  logarithm  from  the  argument  for  x; 

E  =  0-57721  is  Euler's  constant. 

For  the  case  when  l/\  4  1,  formula  (V.8.2)  will  reduce  to 


Px  =  20  (crl  ) 


(V.8.3) 


As  a  practical  matter,  formula  (V.8,3)  can  be  used  for  values  for 
l/A  within  the  limits  0  <  l/A  <  0.1. 

Figures  V.8.1a  and  V.8.1b  show  the  curves  for  the  dependence  of  R 
on  I/),. 
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Figure  V.8,la.  Dependence  of  the  radiation  resistance  of  a 
balanced  dipole  on  the  t/A  ratio. 
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Figure  V.8.1b.  Dependence  of  the  radiation  resistance  of  a 

balanced  dipole  on  the  t/X  ratio.  * 

The  formulas  obtained  for  calculating  radiation  resistance  are  approxi¬ 
mate  because  they  are  based  on  the  assumption  concerning  a  sinusoidal  shape 
for  the  distribution  curve  for  current  along  the  conductor  which  actually 
does  not  take  place.  Experience  does  demonstrate,  however,  that  the  results 
obtained  through  the  Use  of  these  foimulos  agree  well  with  actual  data. 

Particularly  good  coincidence  is  obtained  for  thin  and  short  conductors 
in  which  the  current  distribution  obtained  is  extremely  close  to  sinusoidal 
in  practice. 

#V.9«  Radiation  Resistance  of  a  Conductor  Passing  a  Traveling 
Wave  of  Current _ _ 

The  method  for  calculating  radiation  resistance  above  can  be  applied  as 
well  to  a  conductor  passing  a  traveling  wave.  Analysis  demonstrates  that  the 
radiation  resistance  of  a  single  conductor  passing  a  traveling  wave  equals 

/?,  =  60(ln?s/-ci2./  +  -i^i  -0,123  ).  (v.9.1) 

t  is  conductor  length. 

Figure  V.9.1  shows  the  curve  for  the  dependence  of  R^  on  i/x« 


where 


Figure  V.9.1.  Dependence  of  the  radiation  resistance  of  a 

conductor  passing  a  traveling  wave  of  current 
on  the  l/x  ratio. 


#V.10.  Calculation  of  the  Input  Impedance  of  a  Balanced  Dipole 

On  the  basis  of  the  assumption  made  in  this  chapter  that  the  current 
distribution  along  a  radiating  conductor  is  subject  to  the  law  of  the  theory 
of  uniform  long  lines,  the  formula  for  this  theory  can  be  used  to  calculate 
the  input  impedance. 

The  calculation  for  the  influence  of  radiation  on  the  input  impedance 
can  be  made  by  introducing  an  attenuation  factor  which  it  can  be  assumed 
is  equal  to 


6  =  nj/2W  (V.10.1) 

whore 

R^  is  the  radiation  resistance  per  unit  length  of  the  dipole;  the 
magnitude  of  is  assumed  to  be  identical  along  the  entire  length 
of  tne  dipole; 

V  is  the  characteristic  impedance  of  the  dipole. 

Thus,  we  will  consider  the  balanced  dipole  to  be  an  open-ended  twin 
line.  The  length  of  the  equivalent  twin  line  is  equal  to  the  length  of 
one  arm  of  the  dipole. 

The  input  impedance  of  an  open-circuit  line  can,  in  accordance  with  the 
long-line  theory  specified,  be  calculated  through  the  formula 

3  3 

s'n  23 »  —  — sin  2i  l  — sli  2?  I -{•  sin  2i  i 

Z.  =  \V  - - -  —  j  UF  — f -  (V.10.2) 

1,1  ell  23  l  —  COS  2a  /  ch  23  l  —  COJ  2a  /  ' 

An  approximation  of  the  characteristic  impedance,  W,  can  b'^  made  through 

“  I20(  Iny-l)’  (V.10.3) 


where 


d  is  conductor  diameter 
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Formula  (V.10.9)  gives  precise  enough  results  for  dipoles  with  arm 
lengths  l  ^  0»3  X* 

If  the  characteristic  impedance  of  a  balanced  dipole  is  greater  than 
600  to  700  ohms,  formula  (V.10.9)  can  be  t'scd  for  values  of  i  lying  in  the 
limits  (0-to  0.4)A  and  (0.6  to  0.9)X° 
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If  the  dipole  has  noticeable  lasses,  it.  »  if.  should  be  introduced 

L  loss 

in  place  of  where  R  is  the  loss  resistance,  equated  to  the  current 
loop. 

Chapter  IX  contains  the  curves  for  the  dependence  of  and  X.^  on 

l/X,  calculated  for  different  values  of  W.  This  same  chapter  points  out 
the  area  in  which  the  formulas  obtained  here  can  be  used. 

#V,11.  General  Remarks  About  Coupled  Dipoles 

The  methodology  discussed  above  for  calculations  involving  radiation 
resistance  and  input  impedance  is  suitable  for  the  case  of  the  single  dipole. 

The  practice  in  the  shortwave  field,  as  well  as  in  other  wavebands, 
is  to  make  widespread  use  of  multi-element  antennas  consisting  of  many 
dipoles.  Moreover,  even  in  the  case  of  the  single  dipole  its  mirror  image, 
which  is  established  by  the  ground  effect,  sets  up  conditions  similar  to 
those  when  two  dipoles  are  functioning  in  conjunction  with  each  other. 

Dipoles  located  close  to  each  other  induce  emfs  in  each  otner.  This 
creates  cross-coupling  between  the  dipoles  similar  to  that  taking  place 
when  circuits  with  lumped  constants  are  positioned  close  to  each  other. 
Cross-coupling  results  in  a  change  in  radiation  resistance  and  input  impe¬ 
dance  in  each  of  the  dipoles.  The  radiation  resistance  of  each  of  the  coupled 
dipolea  is  made  up  of  two  resistances,  own  and  induced.  The  induced  re¬ 
sistances,  which  occur  in  the  special  case  when  the  currents  flowing  in  the 
coupled  dipoles  is  made  up  of  two  resistances,  own  and  induced.  The  in¬ 
duced  resistances,  whicii  occur  in  the  special  case  when  the  currents  flowing 
in  the  coupled  dipoles  are  identical  in  amplitude  and  phase,  are  called 
mutual  radiation  resistances. 

k'e  shall,  in  what  follows,  prove  that  the  currents  and  input  impedance 
for  any  combination  of  coupled  dipoles  can  be  calculated  if  the  totals  of 
own  ar.d  mutual  radiation  resistances  are  known. 

The  resistive  component  of  own  radiation  resistance  can  be  established 
by  the  Poynting  vec'or  me. nod  explained  above. 

The  reactive  component  of  own  radiation  resistance,  as  well  as  the 
mutual  radiation  resistances,  can  be  established  by  the  induced  emf  method. 

#V,12.  Induced  emf  Method.  Calculation  of  Induced  and  Mutual  Resistances. 

Approximate  Formulas  for  C<-.Icu]  „t  ing  Mutual  Resistances. 

(a)  General  expression  for  induced  radiation  resistance 

The  induced  emf  method  w  s  aevised  by  I.  G.  Klyatskin  and  developed 
by  A.  A.  Pistol 'kors  and  V.  V.  Tatannov.  The  general  theoretical  hypotheses 
formulated  by  F.  A.  Ho/.hanskiy  and  Drillouin  are  the  basis  for  the  method, 
the  substance  of  which  is  as  follows.  Suppose  we  locate  two  dipoles  m 
arbitrary  fashion  with  respect  to  each  other  (fig.  V.12..).  The  current 
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im-'wo— uo 


Figure  V.12.1.  Explanation  of  the  substance  of  the  induced 
emf  method. 

flowing  in  dipole  2  will  set  up  a  field  near  dipole  1.  Now  let  the  tangential 
component  of  the  field  strength  vector  for  the  field  set  up  by  the  current 
flowing  in  dipole  2  at  the  surface  of  element  dz  of  dipole  1  equal  E^  . 

Then  the  emf  induced  by  the  current  flowing  in  dipole  2  in  element  dz  of 
dipole  1  will  equal 


de 


12 


E  ,„dz 
z  12 


(V.12.1 ) 


The  tangential  component  of  the  electric  field  strength  vector  at  the 
conductor  surface  should  equal  zero.  Therefore,  the  dipole  2  field  pauses  a 

redistribution  of  dipole  1  own  field  to  occur  in  such  a  way  that  there  is 

a  self-emf  at  the  surface  of  element  dz  equal  to  “de12»  and  thc  resultant 

tangential  component  of  the  field  strength  vector  is  zero.  And  so,  as  a 
result  of  the  current  flowing  in  dipole  2  we  have  emf  -de^,  9enerated  by 
the  power  source  connected  to  dipole  1,  acting  acrcsss  element  dz. 

The  power  developed  by  the  emf  source  equals 


P  =  eI*/2  , 

where 

e  is  the  complex  amplitude  of  the  source  emf; 

X  is  the  complex  amplitude  of  the  current  flowing  at  the  point  of 
application  of  the  emf; 

I*  is  a  magnitude,  conjugate  of  I.* 

For  the  case  under  consideration,  the  effect  of  conductor  2  on  con¬ 
ductor  1  is 


(tPix  — - —ltdexi - j 


(V.12.2) 


where 


I  is  the  complex  amplitude  of  the  current  flowing  in  element  dz; 
z 

I*  is  a  magnitude,  conjugate  of  current  X  • 
z  z 


1.  The  conjugate  magnitude  of  a  complex  number  is  that  complex  magnitude 
with  an  argument  of  opposite  sign.  If  current  I  equals  I-I0e*9,  the 
magnitude  conjugate  of  X  equals  I*=I  e  1<P* 
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The  magnitude  of  dl’^0  characterizes  the  power  efficiency  of  the  energy 
source  for  dipole  1  sustaining  the  emf  -de^,,  in  the  space  around  the  dipole 
where  the  counter-emf,  de^i  is  concentrated.  In  other  words,  dP^  *s 
the  power  radiated  into  space. 

The  power  expended  in  dipole  1  as  a  result  of  the  field  of  dipole  2 
equals 


Pit 


2 


J 


/;  EtUdz. 


(V.12.3 ) 
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Formula  (V.12.3)  expresses  total  power,  consisting  of  the  resistive 
and  reactive  components. 

The  analogy  of  the  resistance  of  conventional  circuits  can  be  used  to 
establish  the  radiation  resistance  as  the  ratio  of  power  to  half  the  square 
of  current  amplitude  for  current  lll^, 


Z 

induced 


Tl/1‘ 


(V.12.4) 


The  real  and  the  imaginary  components  in  the  right-hand  side  of 
equation  (V.12.4)  yield  the  resistive  and  reactive  components  of  the  im¬ 
pedance  equated  to  current  I. 

The  resistive  component  of  characterizes  the  energy  leaving  the 
dipole  for  surrounding  space,  or  received  by  the  dipole  from  that  space. 

The  reactive  component  of  P  characterizes  the  energy  of  the  electromag¬ 
netic  field  coupled  with  the  dipole  (not  radiated  into  surrounding  space). 
According  to  established  terminology  the  resistive  component  of 

Z.  ,  .is  called  the  resistive  impedance  of  the  radiation,  while  the  re- 
mduced 

active  component  of  Z.  .  .is  called  the  reactive  impedance  of  the  radia- 
lnduced 

tion,  although  the  latter  component  in  essence  characterizes  the  coupled 
(unradiated)  electromagnetic  field  energy. 

The  methodology  described  for  calculating  the  induced  radiation  re¬ 
sistance  is  applicable  to  any  coupled  dipoles  located  in  any  manner  chosen 
with  respect  to  each  other.  Given  below  is  the  application  of  this  metho¬ 
dology  to  the  special  case,  although  one  very  often  found  in  practice,  when 
dipoles  1  and  2  nave  identical  geometric  dimensions  and  are  parallel  to  each 
other.  In  accordance  with  what  has  oeen  said  in  the  foregoing  (see  £V.ll), 
we  shall  limit  ourselves  to  establishing  the  induced  resistance  when  the 
currents  flowing  in  both  dipoles  are  identical  in  magnitude  and  phase.  In 
other  words,  what  we  will  be  seeking  is  the  mutual  radiation  resistance. 
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(b)  The  use  of  the  induced  cmf  method  to  calculate  the 
mutual  radiation  resistance  of  two  parallel  dipoles 

Let  us  take  two  balanced  dipoles,  1  and  2  (fig.  V.12.2),  and,  as 

for  the  calculation  of  radiation  power  using  the  Foynting  vector  method,  we 

will  take  current  distribution  to  be  sinusoidal. 


Figure  V.12.2.  Derivation  of  the  formula  for  mutual 
radiation  resistance. 

Let  us  designate  the  axis  passing  through  dipole  2  by  z,  and  the  axis 
passing  through  dipole  1  by  g.  We  will  take  the  mid-point  of  dipole  2  as 
the  origin  of  the  z  axis,  and  we  will  take  as  the  origin  of  the  §  axis  the 
point  of  intersection  of  thi3  axis  with  a  normal  to  the  z  axis  passing 
through  the  origin  of  this  axis. 

Current  distribution  over  the  upper  half  of  dipole  2  can  be  expressed 
by 

I  =  I  sin[<y(  l-z)  ]e^U!*'  (V.12.5) 

2  loop 

and  the  current  distribution  over  the  lower  half  of  dipole  2  can  be 
expressed  by 

I  =  I  sin[(y(l+z)]e^U)t.  (V.12.6) 

2  loop 

Upper  half  current  for  dipole  1  can  be  expressed  by 

I,  =  I,  sin[a(l+H  -§)]ellUt,  (V.12.7) 

1  loop  1  s  ’ 

and  lower  half  current  by 

I  =  I  sin[or(l-H  v§)Je*u'<t 

X  loop  1 

(for  the  value  of  H  se$  Figure  V.12.2). 


(V.12.8) 
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1-ct  us  find  tlie  expression  l'or  the  .strength  of  the  field  created  by 
dipole  2  at  an  arbitrary  point  M  on  „i,'ole  1.  k'e  will  only  be  interested 
in  the  component  of  the  field  strength  vector  parallel  to  Iho  dipole  axis, 
and  we  designate  this  component  K 

The  component  parallel  to  the  axis  of  a  linear  dipole  is  established 
througn  the  vector  potential  through  formula  (IV. 8. 8)  in  the  case  of 
harmonic  oscillations. 

Thus,  in  the  case  specified, 


I't 


i  d*A 


(V.12.9) 


9  i 

s  vj 


1 


Substituting  the  expression  for  A  from  formula  (IV. 8. 3),  and  taking  it 
that  in  the  case  specified  trie  current  can  be  established  through  formulas 
(V.12.5)  and  (V.12.6),  we  obtain 


B_.„  =  1 

'ITT  lOOp 


:  i 1  at -an  i 


0 


sin  [^(l-z)]dz  -  i-i -  x 

'ms  or 


x  I 


loop  Sc2  0°  ri 


1  i(at~ori)  pa’  0  i(ut-i>ro) 

- sin  l'y(l-z)  ]d/  -  i7 -  I  f  — -  x 


tt  loop  v  r2 


1  r2  °  <,i(at-(yr2) 

x  sin[<y( :  iz)  Jdz  -  i  i -  I,  -~r  -  Bin[a(  I -*z)  ]dz. 

sitea  loop  .,2  ^  rp 


( V. 12. 10) 


Here  r ^  and  r0  are  the  dis.<urces  from  the  arbitrary,  symmetrically 
iocated  elements,  dz,  of  the  upper  and  lower  hnm«s  of  oipole  2  to  the 
arbitrary  point  M  on  uipole  1; 

f  ‘  )/d-V(;-~7|71. 
y-i-TTiT^ 

where 

o  is  the  distance  bt tween  the  axes  of  dipoles  1  and  2. 

The  first  two  integrals  yield  the  component  of  the  vector  for  the  field 
strength  established  bv  the  currents  in  the  upper  half,  while  the  other  two 
integrals  yield  the  component  of  the  vector  for  the  field  strength  estab¬ 
lished  by  the  currents  in  the  lower  half  of  dipole  2  (fig.  V.i2.2l.  Making 
the  integration  and  ttie  necessary  transformations,  substituting  a=0'/‘,£o' 


and  taking  it  that  for  air  e  =  e  -  l/36~"10  and  p  - 


4tt/10  ,we  ootain 

the  following  expression  for  the  component  of  the  vector  for  the  field 
strength  created  by  dipole  2, 


E. 


i  30 


-la/?. 


#1 


C0SW)C,"<  1  (V.12.11) 
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where  -■  >-  **  ' 

/?!  =»  ]/ (5— /),-jTrfa'  is  the  distance  from  point  M  to  the  upper  end  of 
dipole  2; 

= |^(T-p)*~+  d 1  *  *8  tl>e  d:*'8tar'ce  from  Point  M  to  the  lower  end  of 

dipole  2; 

__  the  distanco  from  point  M  to  the  center  of 

dipole  2.  , 

Let  us  find  the  expression  for  the  mutual  impedance  by  using  general 
formula  (V.12.4).  Whereupon 

Z12  “  -  -—-r  J  w;  "S  -  ■  ,v->" 12) 


loop 


'loop  “l 


The  first  summand  yields  the  component  of  Z^  for  the  lower  half  of 

dipole  1,  the  second  summand  the  component  of  Z  for  the  upper  half  of 

Jl  u 

dipole  1. 

Substituting  the  expression  for  E  from  formula  (V.12.11),  anti  the 
expression  for  I  from  formula  (V.12.7)  and  (V.12.8)  for  the  lower  and 

1  i 

upper  halves  of  dipole  1,  and  omitting  the  time  factor,  we  obtain 


T 

\  *7~ 

.-up,  \ 

■te>,V)x 


X  sin  a  (/ — j  (*^L  +~^- 
-2co s*/— ^ — j  sina  d?  . 


(V.12.13) 


The  result  of  integrating  (V.12.13)  is  the  following  formula  for  cal¬ 
culating  mutual  radiation  resistance,  equated  to  a  current  loop 


Zlt  =  Rlt  i  Xx. 


(V. 12.14) 


*=“  15  \{KiSinq  +  LiCosq)  +  [(X,s:n(<7  + 2p) 

+  Lt cos  (q  +  2p)]  +  [K, sin  (q  —  2 p)  -f  L» cos  (<?  -  2p)J |, 

■  X„  =  15  [(AfjSin<7  +  cos?)  +  [Af*sin(g  +  2p)  + 
+ IV,  cos  (<;  -J-  2p)j  (M,  sin  (q  -  2p)  +  Nt  cos  (?  —  2p))  | , 


(V.12.15) 


(V.12.16) 
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Ki  =  2 12A  («.  V)  -  U  (8.  5  -i  />)  -  A  (».  g  -  />)) 

U  =  2  J2/j  (8,  9)  —  /,  (0.  g  -!-  /;)  —  /3  («,  <7  —  />)) 

A's  ==  A  (8.  q)  —  2f.  (8,  q  1-  p)  -|-  A  (8.  g  -i-  2p) 

Lt  -  h  ('>.  q)  -  2/a  (8.  g  !-  /.*)  -!-  A  (0,  g  +  2/0 
=  h  g)  -  2/a  (5.  g  —  p)  -i-  ft  (8,  g  —  2/)) 

U  -  ft  (8,  g)  —  2ft  («.  g — p)  -l-  A  (8.  g  —  2/0 

Ml  =  2  [2ft  (8.  g)  -  /4  (5,  q-\-p)-fA  (8.  g  -  p)\ 
/V,  =n  _  2  [2/,  (8,  g)  -  ft  <8,  g  -|-  /0  —  A(8.  g  -  p)) 
=  A  (8.  g)  —  2 ft  (8,  g  -I-  p)  -I-  /« (8.  g  -I-  2/0 
AA  =*  —  A  (8.  g)  +  2/i  (8,  g  -l-  /0  —  A  {*,  g  -|-  2p) 
M,  =  A  (8.  g)  —  2A  (8,  g  -  p)  +  A  (8.  g  —  2p) 

AA  *  -  a  (8 .  g)  2A  (i,  q  -  p)  —  ft  (8,  g  —  2p) 


The  following  notations  have  been  adopted  in  formulas  (V.12.15  to 
V.12.17) 

p  c3  «  /  =>2#  -A- , '  g  =  a  /A  =•  2it  y  •  8  =>  ad  =•  2it  y*  . 

The  functions  f(fi,u)  contained  in  the  expressions  for  coefficients 
K,  L,  M  and  N  have  the  following  form 

A  (8.  «)  =  si  (/ttM-8*  +  u)  -|-  si  (vAp-f-  8*—  a), 

A  (8.  «)  =  si  (j/a*-i~8*-f'  a)  —  si  (/a*+8*  — a), 

A  (*. «)  *=>  ci  {/a’-i-i1-!-  a)  +  ci  (/a*+  8*— a), 

« 

A  (8.  a)  —  ci  (/aJ4-8*-fa)  —  ci  (/«*-£  5*—  a). 


) 


In  the  expressions  for  the  coefficients  K,  L,  M,  and  N  the  variable 
is  a  parameter,  and  the  variable  u  is  an  argument,  taking  the  following 
values 


6 


The  curves  for  the  functions  f(fi,u)  are  shown  in  the  handbook  section 
OPH.IJI.l). 

The  handbook  section  also  shows  the  curves  for  the  dependence  of  R^0 
and  on  d/X  for  the  special  case  when  =  0  for  different  values  of 
cl  (fig3.  H. III. 23  -  H. III. 38),  and  curves  for  R^0  and  X^0  (figs.  H.III.6 
to  H. III. 21)  for  half-wave  dipoles  (21  =  \/2)  for  different  values  of  H^/\, 


(c)  The  use  of  the  induced  emf  method  to  calculate  own 
radiation  resistance _ 

Formula  (V.12.11)  for  the  induced  tangential  component  of  the  vector 
for  electric  field  strength  can  be  converted  into  a  formula  for  the  tangential 
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eigen  component  of  tlie  field  if  we  put  =  0  and  d  *  p  (o  is  the  radius  of 
the  conductor). 

The  interaction  between  the  dipole  current  and  the  tangential  comoonent 
of  the  vector  for  the  strength  of  owr  field  is  of  the  same  nature  as  that 
described  above  as  occurring  between  the  dipole  current  and  the  tangential 
component  of  the  vector  for  the  f.ield  strength  induced  by  an  adjacent  dipole, 
and  also  causes  power  radiation. 

Own  radiation  resistance  is  related  to  the  power  radiated  as  a  result 
of  own  field.  The  expression  for  own  radiation  resistance  can  be  obtained 
by  substituting  =  0  and  d  =  p  into  formulas  (V.12.15)  and  (V.12.J6), 
whereupon,  as  related  to  a  current  .loop 

/?n  =  30  (2 (E  +  In  2il  —  ci  2xl)  -i-  sin  2x /(sin  \xl  —  2si2»/)-|- 

cos  2*  in  a  /  -)-  ci  4i  /  —  2ci  2a  /)},  (V.12.18) 

A'„  =  30  (2  si  2a  /  -}-  sin  2a  /  {£  In  -i  /  -j-  ci  >*a /  — 

— •  2ci  2a/ —  2  in— j  cos2a  /( —  si  4a/  -j-  2 si  2a/)}.  *  (V.12.19) 

As  will  be  seen,  own  radiation  resistance  has  a  reactive  component. 

The  expression  for  the  resistive  component  of  the  radiation  resistance 
coincides  with  the  corresponding  expression  obtained  above  by  Poynting's 
vector  method,  as  should  be  expected,  because  both  methods  reduce  to  the 
integration  of  the  power  radiated  by  the  dipole  in  the  suggested  sinusoidal 
shape  for  the  current  distribution  curve. 

The  principal  difference  between  Poynting's  vector  method  and  the  in¬ 
duced  emf  method  is  that  in  the  former  the  power  integration  is  done  in  the 
far  zone,  where  reactive  power  equals  zero,  whereas  in  the  latter  the  power 
integration  is  done  in  direct  proximity  to  the  dipole  where  there  is  re¬ 
active  power  associated  with  the  dipole.  Hence,  the  former  yields  only  the 
resistive  component  of  the  radiation  resistance,  whereas  the  latter  gives 
not  only  the  resistive  component,  but  the  reactive  component  of  the  radia¬ 
tion  resistance  as  well. 

We  note  that  the  above  cited  references  to  the  error  in  Poynting's 
vector  method  (#V.8)  established  by  the  postulation  of  a  sinusoidal  shape 
for  the  current  distribution  curve  applies  equally  to  the  induced  emf 
method. 

This  error  manifests  itself  to  a  greater  degree  in  the  computation  of 
own  radiation  resistance  than  it  does  in  the  computation  of  radiation  re¬ 
sistance  induced  by  adjacent  dipoles. 

Figure  V.12.3  shows  the  curve  for  the  dependence  of  on  t/A *  The 
reactive  component  of  the  radiation  resistance  equals  42.5  ohms  when 
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Figure  V.12.3.  Dependence  of  the  reactive  component  of  own 

radiation  resistance  of  a  balanced  dipole  equated 
to  a  current  loop  on  l/\  in  the  cane  of  a  standing 
wave  of  current  along  the  conductor?  l/g  *  3000. 

When  l/\  •=■  0.25  the  radiation  resistance,  equated  to  a  current  loop, 
equals  the  dipolo’s  input  impedance.  Thus,  the  induced  emf  method  demon¬ 
strates  that  the  first  resonant  length  of  a  radiating  conductor  (the 
length  at  which  the  reactive  component  of  the  input  impedance  equals  zero) 
is  shorter  than  the  resonant  length  of  a  conventional  line,  that  is,  the 
phase  velocity  of  propagation  along  the  dipole  is  less  than  the  speed  of 
light.  Formula  (V.10.2)  for  calculating  input  impedance  does  not  take 
this  into  consideration.  Chapter  IX  will  discuss  the  calculation  for  the 
reduction  in  propagation  phase  velocity,  as  well  as  other  circumstances 
which  result  in  displacement  of  the  resonant  wave  from  the  radiating  con¬ 
ductor. 

(d)  Approximate  formulas  for  calculating  the  mutual 
impedance  of  dipoles 

Formulas  for  calculating  mutual  impedances  are  extremely  cumbersome. 
For  example,  the  formula  for  the  case  of  parallel  dipoles  of  the  same  length 
contains  72  summands.  Similar  formulas  for  the  general  case  are  even  more 
complex.  The  graphics  on  the  subject  in  the  literature  (see  the  Handbook 
Section,  H.III)  are  far  from  all-inclusive,  so  far  as  all  the  practical 
cases  of  interest  are  concerned. 

Given  below  are  the  approximate  formulas  for  calculating  mutual  im¬ 
pedances,  obtained  by  V.  G.  fampolskiy  and  V.  L.  Lokshin.  They  were  derived 
for  the  most  interesting  case,  that  of  two  parallel,  unloaded  dipoles  of  the 
same  length.  It  should  be  noted  that  the  methodology  specified  can  also 
be  used  for  the  general  case.  , 

The  general  formula  for  establishing  the  mutual  impedance  of  two 
parallel  dipoles  (formula  V.12.13)  will,  after  the  new  variable  u=l±(H^-§) 
is  introduced,  take  the  form 
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Z„  --  i  30i  j  'if  (/14)  -j-  r>  (/lj)  —  2  cos  a  l  f  (/I,)]  sin  atulu. 


(V. i3.20) 


where 


»-!*  „-l«  /(Ji'.+rf-w’tS1 

n  ..  -  .  .  —  ■  ■-  -  -  — - — ------  J.  — i  - — — 

«  «  V'Jti  +  i5  -  «)‘  -I-  d*  (V.12.21) 

1C =  0,1,2. 

The  concept  behind  the  derivation  of  the  approximate  formula  involve® 
"averaging"  the  present  distances  =_y(H^  ±  kt  ±  u)2  ♦  contained  ir* 
formula  (V.12.21), 

Calculations  have  shown  that  when  the  constant  of  integration  with 
respect  to  dipole  length  is  changed  the  change  in  .h/-  integrand 

f(u)  =  <?  (/14)  +  ?(/U  — 2  cos  a /<?(/!,) 

will  fox*  relatively  slight  if  the  distance  between  the  centers  of  the  dipoles. 


P0  -VH f  *  d-,  are  not  very  small.  Therefore,  the  integrand  F(u)  can  be 
taken  from  under  the  integral  sign  withou*  appreciable  error,  putting 
u  “  U0  =  Th‘‘-S  selection  of  u^  will  yield  the  smallest  error. 


The  approximate  fonaula  will  be  in  the  form 


?n  =••  i 30 (1  —cos at)  F  ^--J 


(V.12.22) 


after  the  integration  is  made. 

Analysis  has  revealed  that  formula  (V.12.22)  is  .pplicable  when  cal¬ 
culating  mutual  impedances  of  parallel  dipole?  with  arm  lengths  <yl  <  200° 
to  220°.  Use  of  formula  (V.12.22)  to  compute  the  resistive  component  of  the 
mutual  impedance  will  result  in  an  error  of  a  few  percentage  points  for  any 
distances  between  dipoles.  Accuracy  increases  with  increase  in  the  distance 
between  dipoles  when  the  approximate  formula  is  used. 

The  reactive  component  of  the  mutual  impedance  can  be  computed  through 
formula  (V.12.22),  but  only  when  the  distances  between  the  centers  of  the 
dipoles  are 


(  { 


ft  =  1.55  to  21, 

and  the  accuracy  provided  is  at  least  2  to  5%. 

Figures  V.12.4  and  V.12.5  3how  the  curves  of  the  resistive  and  reactive 
components  of  the  mutual  resistance  of  two  half-wave  dipoles  (<*£  =  90°) 
with  relation  to  od  for  the  cases  =  0  and  -  2;  by  way  of  illustrating 
the  accuracy  provided  by  the  approximate  formula.  The  solid  lines  are  based 
on  the  precise  formula,  the  dotted  ones  on  the  approximate  formula. 
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?/V.13.  Uso  of  tho  Induced  omf  Method  to  Calculate  Radiation  Resistance 
and  Currents  in  the  Case  of  Two  Coupled  l>ii>olos _ 

Let  there  be  two  dipolos  arbitrarily  positioned  with  rospect  to  each 
other.  Let  the  eaf  induced  by  dipole  2  in  dipole  1  at  a  current  loop  in 
dipole  1  equal  e^i  and  the  emf  induced  by  dipole  1  in  dipole  2  at  a  current 
loop  in  dipole  2  equal  e0^ .  Obviously, 


U  =  I  Z  T  e  =  I  Z  +  I  Z 

1  1  loop  11  12  1  loop  11  1  loop  12  induced* 


^2  *2  loop^22  +  e21  *2  loop^22  +  *2  loop^21  induced, 


(V.13.1) 


I,  ,  and  I„  ,  are  the  currents  flowing  in  the  current  loops  of 
1  loop  2  loop 


Z  and  Z  are  self  radiation  resistances  of  dipoles  1  and  2; 
X  X 


where 

U  and  U  are  the  voltages  applied  across  dipoles  1  and  2  converted 

X  cL 

to  the  current  loops; 

d  I.  ,  are  th« 

2  loop 

dipoles  1  and  2; 
are  self  radial 

„  .  ,  ,  is  the  radiation  resistance  induced  in  dipole  1  by  the 

12  induced 

current  flowing  in  dipole  2; 

Z  ,  .is  the  radiation  resistance  induced  in  dipole  2  by  the 

current  flowing  in  dipole  1. 

Obviously,  Z^2  £nduced  is  proportional  to  the  current  flowing  in  dipole  2, 

while  Z  is  proportional  to  the  current  flowing  in  dipole  1.  Thus, 

21  induced 


Z  =  Z  I  /I 

12  induced  12  2  loop  1  loop 


Z  =  Z  X  /I 

21  induced  21  1  loop  2  loop 


(V.13,2) 


where 


Z  and  Z  are  the  mutual  impedances,  that  is,  the  induced  resistances 

X  tL 

•  for  the  condition  I,  ,  =  I_  ,  . 

1  loop  2  loop 

Substituting  (V.13.2)  in  (V.13.1), 


^1  "  *1  loops'll  *  *2  loop^l2 


U  =  1  Z  +  I  Z  , 

2  2  loop  22  1  loop  21  / 


(V.13.3) 


Based  on  the  reciprocity  principle,  Z^  =  Z^. 

The  equations  at  (V.13.3)  are  similar  to  Kirchhoff's  equations  derived 
as  applicable  to  two  coupled  circuits  and  known  from  the  theory  of  coupled 
circuits. 

Let  us  designate 

,  /I,  ,  =  me1*. 

2  loop  1  loop 
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Substituting  in  formula  (V.13.3), 


"l  '  lo.p'2U  *  ~*V 

"a  ■  'a  i«,p“a.  ‘ 


(V.13.4) 


Total  radiation  resistance  of  the  dipoles  equals 


Z,  3  U,/1,  ,  =  2,,  +  me1^ 

1  11  loop  )1  12 


Z2  “  ^2^*2  loop 


Z22  T  1//m  0  ^Zi2  I 


(V.13.5) 


The  second  terms  in  the  right-hand  sides  of  the  formulas  at  (V.13.5)  are 
the  radiation  resistances  induced  by  adjacent  dipoles. 

All  the  impedances  figured  here  are  complex  in  the  general  case, 


^11  —  Rti  'I-  i  '^11 

Zjj  =  R3)  -f-  i  Ajj 

Zlt  --  Rl3  -|-  i  X„ 


(V.13.6) 


Substituting  (V.13.6)  in  (V.13.5)  and  converting  the  entry  for  the 
magnitude  e1^  to  trigonometric  form,  we  obtain  the  following  equations 
suitable  for  making  the  calculations 


2i  =  (Kj,  +  m  (Ri3  cos  —  X„  sin  0)]  +  i  [X„  + 
t  in  {R sin  -[•  Xu  cos  ’J/)} 

Z2  =•  ^-(/?i,cosO-[-X„sin^)j  + 

■f  ’  r’  Rl3  sin  •>  -}•  X„  cos  •!<)] 

l  ”  «*  ‘  'll 


(V.13,7) 


The  power  expendeO"^h  radiation  by  the  source  of  emf  for  the  first  dipole 


equals 


PZ1  =  ^  h  ,ooPCRll  +  m(R12  COS  ♦  -  X12  8in  *>j  (V-13-8) 


while  tnat  for  the  second  dipole  equals 


PZ2  =  1/2  h  loopCR22  +  j/m(Rl2  003  *  +  X12  3in  *)]-  (V*13*9) 

Total  power  expended  on  radiation  by  the  sources  of  emf  for  both  dipoles 


equals 


PS  “  P£1  +  PE2* 


(V.13.10) 


Uoing  equation  (V.13.3)i  we  can  establish  the  current  flowing  in  the 

loops  of  each  of  the  dipoles  if  the  voltage  applied  to  the  dipoles  is  known. 

In  fact,  solving  (V.13,3)  with  respect  to  I,  ,  and  I„  ,  , 

1  loop  2  loop 


KA-OO8-60 


i  — -y - ut — ?!-*— 

1  loop  /  v  7  /  y'J 

4,u/*s t  4,i3  4a4n  4i2 

i_  .  —it  _ h> _ n  *>. 

2  loop”  U*  ..  7  }  2 

*u -n — *u*»» — *u 


(V.13.H) 


and  the  'urrent  ratio  equals 


1  7  -Vi.  r 

*2  loop  Ut  Ut 

X1  loop  Zn-~'-Zl.  Ul  ' 


(V.13.12) 


pi.lk.  Use  of  the  Induced  emf  Method  to  Establish  Radiation  Resistance 
and  Currents  in  the  Case  of  Two  Coupled  Dipoles,  One  of  Which 
is  Parasitic. _ 

Let  us  consider  the  case  when  one  of  the  dipoles  is  parasitic,  that  is, 
it  is  not  fed  directly  from  a  source  of  emf.  Parasitic  elements  are  widely 
used  as  reflectors  and  directors  (see  #IX.15). 

Let  us  assume  that  dipole  1  is  directly  fed,  and  that  dipole  2  is  para¬ 
sitic,  that  is,  that  «=  0. 

Substituting  U  =  0  into  foimula  (V.13.11), 


ll  loop 


l2  loop 


U,Z» 

Z]  2 

_ U\Zit 

ZuZn-4> 


from  whence 


X  3  _T  7  /2 

2  loop  1  Loop  12'  22 


(V.14.1) 


(V.14.2) 


If  resistance  is  connected  to  the  parasitic  element 


X  -  —t  2  /7  2 

2  loop  1  loop  12'  22  +  load 


where 


(V.14.3) 


^2  lo«»d  *s  conr,®ctecl  resistance  converted  to  the  current  loop. 

The  conversion  of  the  connected  resistance  from  the  point  of  connection 
to  the  current  loop  can  be  made  through  the  approximate  formula 


2  load  20 


Zoo  8i»  <*t 


(V.14.4) 


Ceee  formula  (V.10.9)],  or  more  accurately  through 


•  \  load  =  Z20  8h  (P  +  ic)l>  (V.14.5) 

where  is  tho  resistance  connected  to  the  input  terminals  of  antenna  2( 
Pi  is  a  magnitude  calculated  for  dipole  2  through  formula  (V.10.8) 
without  regard  for  the  effect  of  the  first  dipole. 
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If  the  magnitude  of  l  is  close  to  n  \/2  (n  =  1,  2,  3».«)|  formula 


.(V.14.5)  must  be  used. 


Z„  ,  is  usually  a  reactive  component  (Z  =  iX.  ,  .). 

2  load  J  2  load  2  load 


Substituting  the  values  of  Z  and  Z  from  formula  (V.14.6)  in  formula 
(V.14.3),  we  obtain  the  following  expression  for  the  current  flowing 
in  the  parasitic  element, 


I„  ,  =  ml  ,  e1*, 

2  loop  1  loop 


(V.14.6) 


where 


/«=  \  j _ — 

V  Xu)9 


a  «  k  -|-  arc  tg  — —  arc  tg 

«»  Kit 


(V.14.7) 

(V.14.8) 


When  X_  ,  .  *  (the  parasitic  element  tuned  to  resonance) 

2  lOQQ  2b 


//( 


—  l/"  +  ^la 

K  • 


^  =  «  +  arctg^-’. 

*1* 


(V.14.9) 

(V.1410) 


Since  |  Z^2 j <  Zool'  and  as  follows  from  formula  (V.14.7),  when  there  is 


221 


no  tuned  reactive  component  ( X 2  loatJ)  in  the  parasitic  element,  m  <  1;  that 


is,  the  amplitude  of  the  current  flowing  in  the  parasitic  element  is  less 
than  the  amplitude  of  the  current  flowing  in  the  directly  fed  dipole.  When 
the  parasitic  element  is  tuned  to  resonance  m  can  be  greater 'than  1  if  Z 


12 


does  not  differ  greatly  from  Z^,  as  the  cose  w*ien  the  distances  between 


elements  1  and  2  are  small. 

So,  from  formula  (V.14.1),  the  total  radiation  resistance  of  the 
directly  fed  dipole  equals 


Z1  =  V’1!  loop 


Z  -  Z  /Z  . 

11  12'  22 


(V.14.11) 


If  the  parasitic  element  is  tuned  to  resonance  and,  if  both  elements 
are  identical,  as  is  often  the  case 


*x  =  Zxx  =  [Rxx  +  i  xn)  -  ■  A|?  -  i  .  (V, 14.12) 

« u  «u 


Kirchhoff's  system  of  equations  cited  here  for  coupled  dipoles  makes 
it  possible  to  establish  the  currents  flowing  in  the  loops  and  the  total 
radiation  resistances  if  own  and  mutual  radiation  resistances  are  known. 
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#V.15.  The  Calculation  for  Radiation  Hes i stance  and  Current  Klowing 
in  a  Multi-Element  Array  Consisting  of  Many  Dipoles _ 

The  theory  of  the  coupling  of  two  dipoles  discussed  above  can  be  applied 
to  the  calculation  of  the  radiation  resistance  of  dipoles  in  a  multi¬ 
element  system. 

Let  us  suppose  we  have  n  dipoles.  Let  us  designate  the  voltage  and 
currents  at  the  current  loops  of  the  dipoles  by  U^,  U^,  .1.,  and  1^,  I0, 
...,  1^.  Tho  actuations  associating  currents,  voltages,  and  resistances  are 

t/4  = /jZu -|- /3X„ -j-  .  .  .  -|*  l„Zin 

u\~  l;Zi\  : ;  *.  t.'*.*?  .  (v.is.d 


These  equations  enable  us  to  establish  the  radiation  resistance  of 
each  of  the  dipoles  in  the  system 


Zt~  ~  ~  ZVi  -f- 

h  h 

Zt  —  ~r~  —  ■‘•n  t  2j}  4- 


/» 

On 


'l  . 

+  7 

h 


1 n  *n  ln 


(V.15.2) 


By  solving  the  system  of  equations  at  (V.15.1)  with  respect  to  currents 

X, ,  I„,  I  ,  ...,  I  ,  we  can  establish  the  current  flowing  in  any  of  the 
12  3  n 

dipoles. 

If  the  system  consists  of  two  groups  of  broadside  dipoles  with  currents 
of  identical  amplit  Jes  the  solution  to  the  system  of  equations  at  (V.15.1) 
can  be  much  simplified.  This  requires  the  introduction  of  the  equivalent 
dipole  concept,  wherein  this  latter  replaces  a  group  of  broadside  dipoles. 

This  will  be  discussed  in  detail  below  during  the  analysis  of  the 
type  SG  antenna. 

#V.l6.  Use  of  the  Induced  emf  Method  to  Establish  the  Effect  of  the 

Ground  on  the  Radiation  Resistance  of  a  Single  Balanced  Dipole 

#5  of  this  chapter  reviewed  the  question  of  calculating  the  effect  of 

the  ground  on  the  directional  properties  of  dipoles.  This  same  effect  must 

also  be  taken  into  consideration  when  calculating  radiation  resistance.  The 

ground  is  usually  assumed  to  be  an  ideal  conductor*  when  this  problem  is 


1.  "The  Engineering  Calculation  of  the  Impedance  of  Linear  Conductors  with 
the  Effect  of  the  Real  Ground  Token  Into  Consideration,"  by  A.  S.  Knyazev, 
which  appeared  in  Radiotekhnika  [Radio  Engineering],  No.  9,  I960,  develops  the 
method  of  induced  emfs  for  the  case  of  the  real  ground. 
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*  f 


posed  because  it  is  a  complex  one.  ’When  this  is  done  the  mirror  image  method 
is  used,  that  is,  the  effect  of  the  ground  on  radiation  resistance  is  replaced 
by  tho  effect  of  the  dixie's  mirror  image. 

This  hypothesis  is  entirely  acceptable  in  the  case  of  a  horizontal 
dipole  suspended  sufficiently  high  above  ground  (ll/\  >  0.25),  because  the 
ground  actually  exerts  an  effect  similar  to  that  exerted  by  the  mirror  image. 
This  is  so  because  the  reflection  factor  for  the  mirror  image  of  a  hori¬ 
zontal  dipole  is  approximately  equal  to  -1. 

So  far  as  the  vertical  dipole  is  concerned,  this  hypothesis  will  only 
hold  when  artificial  metallization  is  used  instead  of  the  ground  (the  dipole 
is  grounded). 

Thus,  the  task  of  calculating  the  radiation  resistance  of  a  dipole 
located  close  to  the  ground  reduces  to  calculating  the  coupling  of  two 
identical  dipoles  carrying  currents  identical  as  to  magnitude  and  phase  in 
the  case  of  the  vertical  dipole  and  identical  as  to  magnitude,  but  apposite 
in  phase  in  the  case  of  the  horizontal  dipole. 

Using  formula  (V.13.5)  and  considering  the  foregoing  relative  to  the 
amplitude  and  phase  of  the  current  in  the  mirror  image, 


Z,  —  Zn  —  Z'n 


(V.16.1) 


in  the  case  of  the  horizontal  dipole,  and 

2i  —  "I" 


(V.16.2) 


in  the  case  of  the  vertical  dipole,  where  ZJ^  is  the  mutual  impedance 
between  the  dipole  and  its  mirror  image. 

Example.  Find  the  total  radiation  resistance  equatedoto  a  current  loop 
for  a  horizontal  half-wave  dipole  suspended  at  height  H  =  X/^. 

Solution.  From  the  curves  in  figures  V.3.1a  and  V.12.3*  we  establish 


Z^  =  (73.1  +  i42.5)  ohms. 

The  distance  between  the  dipole  and  its  mirror  image  equals  2H  =  >,/2. 
Using  the  curves  in  figures  H.III.6  and  H. 111.14  in  the  Handbook 
Section, 

Zj  =  -13  -  i30  =  -(13  +  i30)  ohms, 

Z^  =  Z^  -  Z^  =  (86.1  +  i72.5)  ohms. 


#V.17.  Use  of  the  Induced  emf  Method  to  Establish  the  Effect  of  the 
Ground  on  the  Radiation  Hesistance  of  a  Multi-Element  Antenna 

If  the  antenna  is  a  complex  system  consisting  of  a  series  of  dipoles, , 

the  effect  of  the  ground  on  its  radiation  resistance  can  also  be  established 

by  computing  the  resistances  induced  by  the  mirror  images  of  the  dipoles. 


1 


13  0 


Total  radiation  resistance  for  each  of  the  dipoles  consists  of  own 
resistance,  the  resistance  induced  by  all  the  other  dipoles,  and  the  re¬ 
sistance  induced  by  all  the  mirror  images. 

To  illustrate  this,  let  us  take  Kirchhoff's  equations  applicable  to 
two  horizontal,  coupled,  directly  fed  dipoles  near  the  ground 


U,  B  I,  ,(Z,,  -  Z*  )  *  I,  (Z  „  -  Z<)  \ 
1  loop  1  11  11  loop  2  12  12  ) 


U  =  I,  „(Zn„ 
2  loop  2  22 


-  Z»  )  +  I  (Z  -  z*  )  \ 

22  loop  1  21  21/ 


(V.17.1) 


where 


ZJ  is  the  mutual  impedance  between  dipole  1  and  its  mirror  image; 


Z^  is  the  mutual  impedance  between  dipole  2  and  its  mirror  image; 


Z'  is  the  mutual  impedance  between  dipole  1  and  the  mirror  image  of 

Xm 


dipole  2; 

Z'  is  the  mutual  impedance  betv.een  dipole  2  and  the  mirror  image  of 
dipole  1. 

Let  us  designate 


/I,  =  me1' 

2  loop  1 


loop  2:  loop 


Expressing  the  impedance  Z  in  tp.rms  of  the  resistive  and  reactive  com¬ 


ponents,  and  taking  it  that  Z ^  =■  Z^  and  Z£  =  2 ,  we  obtain 


zi  -  "Aoop  i  ■  (<»u  -  V  *  *  -  (x12  -  V‘“  *>! 

»  i|(X  -  X'  !  .  »  [<X  -  X'  )co.  ,  *  (R  -  R'  >.i»  *]); 


(V.17.2) 


J2  ^2^* loop  2 


*  I(R22  -  R22>  +  l/m  C(R12  *  R12)c0S  ♦  *  (X12“Xi2> 

sin  f]j  +  i  |(X22  -  X£2)  +  l/m  [(X12  -  X^)  cos  ^  -  (R12-R{2)sin 


(V.17,3) 

Similarly,  for  the  case  of  two  horizontal  dipoles,  one  of  which  is 
parasitic, 

(Z,;  ~  Z  i;)? 


Zi  —  ^Zu  —  Z„)  — 


(Zjj  —  i 


(V.17.4) 


~i (/?n  —  RuJ1  -t-  (Xlt  —  X^Y 

=  V  (/?«.  +  (*,, -XM  +  X,  , "J“  (V.17.5) 


X|I  — X|J  _ X„  —  Xjj  1- 


<•  =  *-!-  arc  tt; arc  ^ 


I  ’ 


I  1 


\ 


’  * 


{  ) 


(V.17.6) 


■"»**  •  i^Tvl"  •r*?K1r''~*rl*T  1  T~'  ■?»**■  Vwi  ■  -1 
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The  signs  for  the  mutual  impedances  between  dipoles  and  mirror  images 
should  be  reversed  in  the  case  of  the  vertical  dipoles  in  equations  (V.17.1) 
through  (V.17.6). 


#V.l8.  Calculation  of  Input  Impedance  in  a  System  of  Coupled  Dipoles 

Formula  (V.10.2)  can  be  used  to  approximate  the  input  impedance  of  each 
of  the  dipoles  in  a  system.  However,  the  fact  that  parameters  W  and  B  change 
as  a  result  of  the  cross-coupling  should  be  taken  into  consideration* 

Thus,  we  obtain  the  following  formulas  for  computing  the  input  impedance 
of  each  of  the  dipoles  in  the  system 

sh  l - —  sin  2a  /  ?£-sh2J,  /J-sin2»/ 

Z.  =  \VC - - - iip  .  a  _  (V.18.1) 

in  ch2i6  /  —  cos  2a/  c  ch  2}c  t  —  cos  2>  t  * 


where 


W  and  B  ere  the  characteristic  impedance  and  attenuation  factor, 
c  c 

wit*-  : ho  cross-  •>)"ling  of  the  dipoles  taken  into  con¬ 
sideration. 

The  effect  of  cross-coupling  on  W  and  3  can  e  approximated  by  assuming 

the  induced  resistive  and  reactive  resistances  are  uniformly  distributed 

over  the  entire  length.  Given  this  assumption,  we  have  for  W  and  8 

c  c 


w. 


-  ]/^S^  =  V  Y{  +  5 


8  /  =  +  ^r.W 

?c  sin  2  >/ 


V, 


I  |  sin  2 3/  \ 
\  2U~  ) 


(V.18.2) 

(V.18.3) 


where 


R.  ,  is  the  resistive  component  of  radiation  resistance  induced  by  all 
ind 

adjacent  dipoles  and  all  mirror  images,  including  own  mirror  image; 
X,  .  is  the  induced  reactive  resistance  per  unit  length. 

x  mn 

Similar  to  formula  (V.10.7)  for  computing  the  distributed  reactive  re¬ 
sistance  is 


X 


2  XjzA 


t  sin  2a  l\  ’ 

t-ttJ 


,'V  a  A1 


where 

X.  .  is  the  reactive  component  of  the  radiation  resistance  induced 
ind 

by  all  adjacent  dipoles  and  all  mirror  images,  including  own 
mirror  image; 

and  are  computed  through  the  formulas  given  in  the  preceding 

paragraphs. 

If  the  length  of  the  dipoles  does  not  exceed  0.25  to  0.3  \,  we  can  use 
formula  (V.10.9)  to  compute  the  input  impedance,  replacing  R  by  Rr  *  . 

and  W  by  W^,  respectively. 
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#V.19.  Generalization  of  tho  Theory  of  Coupled  Dipoles 

The  equations  cited  above  for  coupled  dipoles  were  derived  as  applicable 
to  the  voltages  and  currents  at  a  current  loop.  This  is  tho  result  of  the 
specifics  of  the  manner  in  which  the  methodology  for  comp..w.ing  the  input  im¬ 
pedance  and  other  electrical  parameters  of  shortwave  antennas  is  constructed. 
In  principle,  the  equations  indicated  retain  their  effect  with  respect  to 
any  point  on  the  dipole,  and  particularly  to  the  point  of  feed.  In  the  latter 
case  the  mutual  impedance  too  must  be  equated  to  the  point  of  feed  for  the 
dipoles.  Similar  equations  can  also  be  obtained  for  conductors  passing  a 
traveling  wave. 

#V. 20.  Application  of  the  Theory  of  the  Balanced  Dipole  to  the  Analysis 
of  a  Vertical  Unbalanced  Dipole _ 

Radio  communications  is  a  field  in  which  unbalanced  dipoles,  and  par¬ 
ticularly  vertical  unbalanced  dipoles,  are  widely  used.  Figure  V.20.1  is 
a  schematic  of  a  vertical  unbalanced  dipole. 


i  ujuipaattmt 

y  a 


Figure  V.20.1.  Unbalanced  vertical  dipole  with  mirror  image. 

A  -  mirror  image. 

The  field  of  the  vertical  dipole  creates  a  system  of  currents  in  the 

ground.  If  it  is  assumed  that  the  ground  has  infinitely  high  conductivity, 

similar  to  that  indicated  above,  the  currents  flowing  at  its  surface  create 

a  secondary  field  which  corresponds  precisely  to  the  field  of  the  dipole's 

mirror  image.  The  mirror  image  is  shown  by  the  dotted  line  in  Figure  V.20.1. 

The  unbalanced  dipole  and  its  mirror  image  form  a  system  completely 

analogous  to  that  of  a  balanced  dipole  in  free  space.  Therefore,  if  ground 

conductivity  is  ideal  all  the  above  data  regarding  directional  properties, 

radiation  resistance,  input  impedance,  etc.,  for  the  balanced  dipole  in  free 

space  can  be  applied  in  toto  to  the  unbalanced  dipole.  We  need  only  consider 

the  fact  that  the  source  of  the  emi  applied  to  the  balanced  dipole  carries 

twice  the  load  the  source  feeding  the  unbalanced  dipole  does.  Therefore, 

for  the  same  design  of  leg,  the  input  impedance,  Z.  ,  the  radiation  resistance, 

m 

Rj,,  and  the  characteristic  impedance,  W^,  of  the  unbalanced  dipole  are  half 

those  of  the  balanced  dipole.  The  values  obtained  for  Z.  ,  R  .  and.  W.,  using 

in  E  i 

the  methods  indicated,  are  very  close  to  the  actual  values  if  a  bonding 
system  (a  qround  system)  has  been  developed  under  the  dipole.  Since  ground 
parameters  approximate  the  parameters  of  an  ideally  conducting  medium  as 
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wavelength  is  lengthened,  the  accuracy  of  the  results  obtained  by  making  a 
similar  analysis  of  the  unbalanced  dipole  will  improve  with  increase  in  the 
wavelength. 

We  note  that  it  is  impossible  to  use  the  balanced  dicole  theory  to 
analyze  the  directional  properties  of  a  vertical  unbalanced  dipole  above  real 
ground.  The  radiation  pattern  is  usually  charted  with  respect  to  a  point  of 
observation  at  a  very  great  distance  from  the  dipole.  The  field  at  distant 
points  is  not  only  established  by  the  currents  flowing  in  the  ground  in 
direct  proximity  to  the  dipole,  but  also  by  the  whole  system  of  currents 
flowing  in  the  ground.  Therefore,  even  if  an  extremely  sophisticated  ground 
system  is  used  the  radiation  pattern  of  the  unbalanced  dipole  differs  sub¬ 
stantially  from  that  of  the  unbalanced  dipole  over  an  ideally  conducting 
ground  under  actual  conditions. 

The  degree  to  which  the  surface  beam  is  attenuated  can  be  used  as  the 
criterion  for  establishing  the  distance  at  which  the  theory  of  the  unbalanced 
dipole  over  ideally  conducting  ground  is  no  longer  applicable.  If  the  distance 
from  the  dipole  is  so  great  that  the  surface  beam  is  substantially  attenuated 
because  of  ground  losses  the  directional  properties  of  a  real  unbalanced  di¬ 
pole  will  differ  a  great  de'-l  from  those  of  an  unbalanced  dipole  over 
ideally  conducting  ground,  even  when  a  sophisticated  ground  system  is  in¬ 
stalled. 

The  shortwave  communications  field  mainly  uses  beams  reflected  from 
the  ionosphere  because  reception  usually  is  so  far  away  from  the  dipole 
that  the  ground  wave  is  almost  completely  attenuated.  Hence,  the  theory  of 
the  unbalanced  dipole  over  ideally  conducting  ground  cannot  be  used  in  the 
shortwave  field  to  analyze  directional  properties. 


#V, 21.  The  Reception  Process 

Let  an  antenna,  a  balanced  dipole  for  example,  be  set  up  in  the  field 
of  a  plane  wave  (fig.  V.21.1).  The  electric  field  strength  vector  will  form 
angle  0  with  the  axis  of  the  dipole.  The  component  of  the  field  strength 
vector  tangent  to  the  conductor  equals  E  cos  0.  The  tangent  component  of 
the  electric  field  strength  vector  excites  currents  in  the  conductor.  These 
currents  cause  energy  scattering  at  the  input  to  the  receiver  connected  to 
the  dipole.  Thus,  the  process  of  transferring  energy  from  a  propagated  wave 
to  a  load  (tj,e  receiver)  is  accomplished.  The  currents  flowing  in  the  di- 
|im1«>  are  m.iu'coe  of  a  secondary  field.  The  tnngenlial  cimi|Hmoiil  of  the 
secondary  field  E  vector  j.s  such  that  boundary  conditions  are  satisfied  at 
the  surface  of  the  conductor.  If  it  is  assumed  that  the  conductor  has  ideal 
conductivity  the  resultant  (primary  and  secondary)  tangential  component  of 
the  electric  field  strength  vector  at  the  surface  of  the  conductor  should 
equal  zero.  To  be  so  the  tangential  component  of  the  secondary  field  E  vector 
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J 
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should  equal  in  magnitude  to,  but  bo  opjiosite  in  phase  to  the  tangential 
component  of  the  primary  field  E  vector. 

Maxwell's  equations  provide  definitive  association  between  the  secondary 
field  and  the  current  distribution  through  the  dipole.  The  computation  of 
this  association  and  the  requirement  with  respect  to  the  magnitude  of  the 
tangential  component  of  the  electric  field  strength  vector  stemming  from  the 
need  to  satisfy  the  boundary  conditions,  together  with  the  requirements 
stemming  from  the  law  of  continuity  of  current  at  the  terminals  of  the  load 
resistor,  is  enough  to  establish  current  distribution  in  the  conductor.  In 
particular,  because  these  conditions  must  be  satisfied,  we  can  establish  the 
magnitude  of  the  current  at  the  input  to  the  load.  However,  there  are 
mathematical  difficulties  involved  in  using  this  method  of  establishing  the 
currents  flowing  in  the  conductor  and  in  the  load,  and  as  of  this  time  this 
problem  has  not  yet  beei.  finally  resolved. 


Figure  V.21.1.  Description  of  the  reception  process. 

A  -  incident  wave;  B  -  dipole. 

The  principle  of  reciprocity  can  be  used  to  establish  t,he  currents 
flowing  in  the  receiving  antenna  and  in  the  load.  This  principle  enables 
us  to  find  the  currents  flowing  in  the  receiving  antenna,  based  on  known 
data  with  respect  to  how  current  is  distributed  on  an  antenna  such  as  this, 
as  well  as  on  the  field  in  the  space  around  the  antenna  when  it  is  used  as  a 
radiator.  However,  the  accuracy  of  the  results  obtained  will  be  determined 
by  the  accuracy  of  the  formulas  used  to  establish  antenna  data  when  the  antenna 
is  radiating. 


#V.22.  Use  of  the  Reciprocity  Principle  to  Analyze  Properties 
of  Receiving  Antennas _  _ 

Let  there  be  two  antennas,  type  immaterial,  separated  by  some  distance 
and  oriented  arbitrarily  with  respect  to  each  other.  We  shall  review  two 
cases. 

First  case.  Antenna  1  is  the  transmitting  antenna;  antenna  2  is  the 
receiving  antenna  (fig.  V.22.1).  Let  us  connect  a  generator  with  emf  e^  to 
antenna  1.  The  current  flowing  at  the  input  to  antenna  1  equals 


(V.22.1) 
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when* 

Z^  is  the  impedance  connected  to  antenna  1; 
Z^  ^  is  the  input  impedance  of  antenna  1. 


Figure  V.22.1. 


The  derivation  of  formula  (V.22.3). 


Connected  to  antenna  2  is  a  receiver  with  impedance  Z^.  Antenna  1 
field  will  cause  electric  field  E 2  to  act  on  antenna  2,  and  some  current  1^ 
will  flow  in  load  Z The  strength  of  the  field  craated  by  antenna  1 
equals 


r  SOMl  c  /A  \ 

=  -y-  Fi  (a,  ?) . 


(V.22.2) 


where 


rQ  is  the  distance  between  antennas; 

F^Aitp)  is  an  expression  establishing  the  shape  of  antenna  1  radiation 
pattern; 


k 


1 


V1 


1 


Xg  is  the  current  used  to  express  the  field  strength  of  the  specific 
type  of  antenna:  ■\i.A 

1^  is  the  .current  flowing  at  the  input  terminals  of  the  antenna. 
Substituting  the  expression  for  1^  from  formula  (V.22.1)  in  formula 
(V.22.2),  we  find  the  relationship  between  tht  eraf  acting  across  the  trans¬ 
mitting  antenna  and  the  field  strength  at  the  receiving  antenna 


El  (Z I  ~T~  Z|i \n)  r*  ■ 

60^ (Ej (A .  f)  (V.22.3) 


Second  case.  Antenna  2  is  the  transmitting,  antenna  1  the  receiving 
antenna  (fig.  V.22.2).  Let  us  connect  a  generator  with  emf  e0  to  antenna  2, 
and  a  receiver  with  impedance  Z^  to  antenna  1.  Field  strength  caused  by 
antenna  2  field,  will- act  on  antenna  1,  and  current  1^  will  flow  in  load  Z^. 
By  analogy  with  the  first  case  we  obtain  the  relationship 


e 


> 


Jh.Mt+JtiJ  '• 

«V.(A.tf" 


(V.22.4 ) 
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where 

is  the  impedance  connected  to  antenna  2; 

Z  is  the  input  impedance  of  antenna  2; 

2  an 

F  (A,tp)  is  an  expression  establishing  the  shape  of  antenna  '2 
radiation  pattern. 


/  i 


Figure  V.22.2. ■  The  derivation  of  formula  (V.22.4). 

According  to  the  reciprocity  principle  emf  e.^  fed  to  antenna  1  is 
related  to  current  I2  flowing  as  a  result  of  this  emf  in  the  load  on 
antenna  2,  as  emf  e  fed  to  antenna  2  is  related  to  current  I  flowing  as  a 
result  of  this  antenna  in  the  load  on  antenna  1, 


•A 


•A 


(V.22.5) 


Substituting  the  values  for  e^  and  e2  from  formulas  (V.22.3)  and 
(V.22.4)  in  formula  (V.22.5),  and  grouping  factors,  we  obtain 


/ 1  (Z,  4'  liirt)  _  4  (^1  ^*in) 


(V.22.6) 


All  magnitudes  in  the  left-hand  side  of  (V.22.6)  are  related  to  one 
antenna,  and  all  those  in  the  right-hand  side  are  related  to  the  other  an¬ 
tenna.  Accordingly,  I(Z+Zin)/EkF (A,<p)  is  a  constant,  not  dependent  on  type 
of  antenna.  We  thus  obtain  the  following  equality 


from  whence 


Ii£±i£nUc, 
EkF{\.  $ 


(V.22.7) 


I  =  Ekc/Z  +Z.  F  ( A  »cp)  (V.22.8) 

load  in 

where 

Z  is  the  impedance  of  the  load  connected  to  the  receiving  antenna. 

load  •  . 

The  constant  c  can  be  established  by  comparing  formula  (V.22.8)  with 

the  expression  for  I  obtained  by  direct  analysis  of  the  antenna  as  a  receiving 

system.  It  can  be  proven  that  c  =  a/tt. 
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Thus 

I  =  kBX/MZ,  aL.  )  B(A,tp)  ( V.22.91 

load  in 

Formula  (V.22.9)  establishes  an  extremely  important  dependence  between 
the  current  in  the  receiving  antenna  and  the  electric  field  strength  of  the 
incoming  wave.  What  follows  directly  from  this  formula  is  that  the  receiving 
pattern  of  any  receiving  antenna  coincides  with  the  radiation  patter;,  ob¬ 
tained  when  the  same  antenna  is  used  as  a  transmitting  antenna  if  the  receiver 
is  connected  at  the  same  point  as  was  the  transmitter. 

Formula  (V.22.9),  ii.  the  more  general  form,  is 

I  =  k£\  cos  x/tt(Z  j+Z.  )  F (&>(p)e1*t  (V. 22.9a) 

load  in 

where 

x  is  the  angle  between  the  plane  of  polarization  of  waves  incoming  to 
the  antenna  and  the  plane  of  polarization  of  waves  leaving  the  antenna 
in  the  same  direction  as  when  the  antenna  was  used  for  transmitting; 
y  is  the  antenna's  directional  phase  diagram.* 


#V.23.  Receiving  Antenna  Equivalent  Circuit.  Conditions  for  Maximum 
Power  Output. _ _ 

Formula  (V.22.9)  demonstrates  that  every  receiving  antenna  has  an  equi¬ 
valent  circuit,  shown  in  Figure  V.23.I.  As  will  be  seen,  the  equivalent 

circuit  consists  of  an  emf  source,  e  ,  load  impedance,  Z„  and  internal 

*  rec  *  ’  load’ 

impedance  Z^.  The  internal  impedance  in  the  equivalent  circuit  equals 
the  input  impedance  of  the  same  antenna  when  it  is  used  for  transmitting. 

The  equivalent  emf  equals 


e  =  IKE/tt  F(A,cp)  . 
rec  T 


Power  supplied  by  the  antenna  to  the  load  equals 
P 


e2  /2IZ.  +Z,  1 2  R  ., 

rec  tn  load  load 


(V.23.1) 


(V.23.2) 


where 


Rfoad  *s  tfie  resistive  component  of  load  impedance. 

The  conditions  for  maximum  output  of  power  to  the  load  •  -lected  to  the 

antenna  will  obviously  be  those  for  any  generator;  that  is,  m  imum  output 

will  be  obtained  when  R.  =  R,  .  and  X.  =  -X,  ,.  Thus,  max.  .ium  power 

m  load  in  load 

supplied  by  the  antenna  to  the  load  equals 


P  =  e“  /8R.  . 

rec  max  rec  in 


{V.23.3) 


1.  A.  R.  Vol'pert.  "Phase  Relationships  in  Receiving  Antenna  Theory  and 
Some  Applications  of  the  Principle  of  Reciprocity."  Radiotekhnika  [Radio 
Engineering],  No.  11,  1955* 
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Figure  V.23.1.  Receiving  antenna  equivalent  circuit. 


#V.24.  Use  of  the  Principle  of  Reciprocity  for  Analyzing  a  Balanced 
Receiving  Dipole _ _ 

We  shall  limit  ourselves  to  the  case  of  a  balanced  dipole  in  free  space. 

Tor  this  dipole,  from  a  comparison  of  formulas  (V.4.3)  and  (V.22.2), 


w.  _  *tr.\  E  cos(q> t cos0 ) -cosod  . 

F(A,c?)  -  F(e)  -  -gg!- ^ - — g - , 

loop' 

k  ■  W4  ■  1'*"  V- 


Substituting  in  (V.22.9), 


_  E\ _  cos(<ytcos8)-coscrt 

=  1T(Zload^in,8hYt  8in  0 


(V.24.1) 


where 

is  the  input  impedance  of  the  balanced  dipole. 

The  emf  fed  to  the  balanced  dipole  and  reduced  to  the  site  where  the 
load  is  connected  equals 


_  X  1  cos(olcos0)-coso’t 

Q  3"  £/  ^  1  -  »  is  11  — — —  1 

rec  tt  shyl  sin  0 


(V.24.2) 


For  a  half-wave  dipole  (21  =  X/2)  during  reception  of  bea^as  propagated 
in  its  equatorial  plane  (8  =  90° ), 


e  =  E  X/n 
rec 


(V.24.3) 


The  power  supplied  by  the  half-wave  dipole  to  the  load  when  match 
is  optimum  and  when  waves  incoming  have  been  propagated  in  the  equatorial 
plane,  in  accordance  with  (V.23.3)  and  (V.24.3),  equals 


W  _  £»1» 
8*»73,I  ~5800  * 


(V.24.4) 


E  is  understood  to  be  the  amplitude  of  the  field  strength 
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Currents  flowino  in  the  receiving  dipole  create  o  secondary  field  which 
can  be  superimposed  on  the  primary  field  of  the  excitation  wave.  The  resul/ 
is  the  creation  of  standing  waves  around  the  dipole  which  are  particularly 
clearly  defined  in  the  direction  from  the  receiving  dipole  to  the  source  of 
the  incoming  wave. 


»A-oo8-r>8  i',s 

Chapter  VI 

ELECTRICAL  PARAMETERS  CHARACTERIZING  TRANSMITTING  AND 

- I 

RECEIVING  ANTENNAS 


#VI .  1 .  Transmitting  Antenna  Directive-  Gain 

The  basic  requirement  imposed  on  a  transmitting  antenna  is  that  the 
strongest  possible  field  be  produced  in  the  specified  direction,  and  here 
two  factors  are  invo'  '  the  directional  characteristics  of  the  antenna, 
and  the  absolute  magnitude  of  the  radiated  power.  The  first  is  characterized 
by  the  directive  gain,  D,  the  second  by  the  efficiency  T). 

Directive  gain  in  a  particular  direction  is  the  ratio  of  the  square  of 

.  2, 

toe  field  strength  created  by  the  autenna  in  that  direction  (E  )  to  the  average 
value  of  the  square  of  the  field  strength  (E2^)  in  all  directions 

D  =  E“/E2  .  (VI. 1.1) 

0  av 

Since  radiated  power  and  the  square  of  field  strength  are  directly  pro¬ 
portional,  the  directive  gain  can  also  be  defined  as  a  number  indicating  how 
many  times  the  radiated  power  must  be  reduced  if  an  absolutely  non-directional 
antenna  is  replaced  by  the  antenna  specified,  on  the  condition  that  the  same 
field  strength  be  retained.  Obviously,  both  definitions  are  the  same. 

Let  us  find  the  general  expression  for  directive  gain. 

The  field  strength  produced  by  the  antenna  can  be  expressed  in  general 
form  by  the  formula 


/.>  —  F  (VI. 1.2) 

r 

where 

I  is  the  current  flowing  at  no  matter  which  point  on  the  antenna; 

F(A,cp)  is  a  function  expressing  the  dependence  of  field  strength  on  angle 
of  tilt  A,  and  azimuth  angle  cp. 

Let  us  designate  the  angle  of  tilt  and  the  azimuth  angle  for  the  direction 
in  which  the  directive  gain  is  to  be  established  by  A^  and  cp^.  Now  the  field 
strength  in  this  direction  equals 


Ee  =  —  I'  (A0,  <?»)• 


(VI. 1.3) 


For  purposes  of  establishing  the  average  value  of  the  square  of  the 
field  strength  let  us  imagine  a  sphere  with  its  center  at  the  point  where  the 
antenna  is  located  and  radius  r. 

The  avc.rage  on  the  surface  of  the  sphere  equals 


S*dF 


\ 


t 


F  9 


(Via. 4) 


where 


E  is  the  field  strength  at  the  infinitesimal  area  dF  on  the  surface  of 


the  sphere, 


c IF  ~  r 1  cos  A  d  A  d  <?> 


F  is  the  total  surface  of  the  sphere,  F  =  4nr  . 

Substituting  values  for  E,  F,  and  dF  in  formula  (VI. 1.4),  and  replacing 
integration  with  respect  to  the  surface  by  integration  with  respect  to  angles 


A  and  cp, 


*>cosAdA- 


(VI. 1.5) 


The  integration  with  respect  to  A  is  done  from  0  to  n/2  only,  since 
it  is  assumed  that  radiated  energy  resulting  fro.m  ideal  conductivity  of  the 
ground  applies  only  to  the  upper  hemisphere.  If  a  hypothetical  antenna  in 
free  space  is  unde*-  discussion,  or  if  the  fact  that  ground  conductivity  is  not 
ideal  is  taken  into  consideration,  integration  with  respect  to  A  must  be 
(Julio  1 1  OKI  — lf/li  ii>  i \/'Z . 

Substituting  the  values  for  E  and  E  from  formulas  (VI. 1 .3)  and  (VI. 1.5) 

O  av 


in  formula  (VI. 1.1), 


v.) 


J  d  v  j  t *  (A .  y)  cos  a  d  h 


(vi. 1.6) 


If  F(a)  is  normalized  to  F(Aq,o0),  formula  (VI. 1.6)  becomes 


I,.- - r 


(vi. 1.7) 


j  f  •ci(A-  V)cos  4 


F,  (a,cd)  is  a  function  of  F(A,cp),  normalized  to  F(A-,c-). 

A.  U  V 

If  it  is  customary  to  have  the  pattern  symmetrical  with  respect  to  some 
azimuth,  and  if  the  reading  is  taken  relative  to  this  azimuth, 


(VI. 1.8) 


j  j  f;(4,  vJcosidA 


If  the  radiation  pattern  has  axial  symmetry  with  respect  to  the  vertical 
axis,  A  =  90°,  the  integration  witli  respect  to  cp  will  yield  the  factor  ti  in 
the  denominator.  Recognizing  this,  and  int.  -  lucing  the  angle  0  =  90°  -  Ai 


(VI. 1.9) 


j  Fj(G). 


ynwf1 


y 
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Difficulties  resulting  from  the  complexity  involved  in  computing  the 
integrals  are  often  encountered  when  values  for  D  are  established  through 
formulas  (VI. 1.6)  through  (VI. 1. 9).  If  the  antenna's  radiation  resistance 
is  known,  we  can  do  away  with  the  need  to  compute  the  integrals.  Let  us 
make  use  of  formula  (V.7.6).  Substituting  the  expression  for  the  double 
integral  established  through  formula  (V.7.6)  in  formula  (VI. 1,6), 


D  ■ 


120fM&„  ?,) 
Rt 


(VI, 1.10) 


Here  R^,  is  the  radiation  resistance  equated  to  current  I. 

Let  us  establish  the  value  of  D  for  a  half-wave  dipole  in  free  space. 
The  radiation  resistance  of  the  half-wave  dipole  in  free  space,  equated  to 
the  current  flowing  in 'a  loop,  equals 


*E- 


=  73*1  ohms. 


The  field  strength  produced  by  the  half-wave  dipole,  expressed  in  terms 


of  the  loop  current  (I^oo  ),  equals 


601 


E  = 


loop  cqs(tt/2  cos  9) 
sin  0 


(VI. l.li) 


The  function  F(A,cp)  can  be  established  as  a  particular  solution  by 

rength  by  601^ 

co.s(r/2  cos  0) 


dividing  the  expression  for  the  field  strength  by  60I,  /r 

loop 


F(A,<p)  =  ^ ^  = 

loop  sin  0 


(VI. 1.12). 


In  the  case  specified  the  function  expressing  the  dependence  of  E  on  the 
angle  of  tilt  and  on  the  azimuth  angle  can  be  replaced  by  a  function  which 
expresses  the  dependence  on  angle  0;  that  is,  on  the  angle  formed  by  the  direction 
of  the  beam  and  the  axis  of  the  dipole. 

Substituting  the  values  for  R^,  and  F(A,cp)  in  formula  (VI.1.10), 


1,64 


ecu’  COi  4  j 

*ln’ 4 


(VI. 1.13) 


In  the  equatorial  plane  (0  =  90°),  sin  0=1,  cos  0=0  and  D  =  1.64. 
The  elementary  dipole  has  a  directive  gain  of  1.5. 


#VI.2.  Transmitting  Antenna  Efficiency 


Efficiency  is  found  through  the  formula 


T)  «  Pj/P0' 


(VI. 2.1) 
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where 


Pq  is  the  power  applied  to  the  antenna; 
P_  is  the  power  radiated  by  the  antenna. 


#VI.3.  Transmitting  Antenna  Gain  Factor 

Just  how  good  an  antenna  is  can  be  characterized  by  yet-  another  parameter 
in  addition  to  directive  gain  and  efficiency,  and  that  is  the  antenna  gain 
factor,  which  depends  on  directional  properties,  as  well  as  on  antenna 
efficiency. 

The  antenna  gain  factor  in  a  specified  direction  is  the  ratio  of  the 
square  of  field  strength  produced  by  the  antenna  in  this  direction  to  the 
square  of  the  field  strength  produced  by  a  standard  antenna. 

The  non-directional  (isotropic)  antenna  is  used  as  the  standard  antenna  in 
the  field  of  meter  and  shorter  waves.  A  half-wave  dipole  in  free  space  is 
usually  used  as  the  standard  antenna  in  the  short-wave  antenna  field.  According¬ 
ly,  the  gain  factor  equals 


E* 

e\: 


(VI. 3.1) 


The  following  assumptions  are  made  when  establishing  the  gain  factor: 

(1)  the  power  applied  to  the  antenna  and  to  the  half-wave  dipole  is  the 
same  in  magnitude; 

(2)  the  half-wave  dipole  is  in  free  space; 

(3)  the  efficiency  of  the  half-wave  dipole  equals  1. 

The  gain  factor  can  alas  be  defined  as  a  number  indicating  how  many  times 
the  input  must  be  reduced  if  the  half-wave  dipole  is  replaced  by  the  antenna 
specified,  the  while  retaining  field  strength  unchanged.  The  second  definition 
assumes  that  the  second  and  third  conditions  for  the  first  definition  are  ob¬ 
served. 

Both  gain  factor  definitions  are  unique. 

Let  us  express  the  gain  factor  in  terms  of  D  and  1}.  From  formula  (VI.l.l) 
it  follows  that  the  square  o;  the  field  strength  of  any  antenna  con  be  ex¬ 
pressed  by  the  formula 


2  2 
E  =  DE  . 
av 


Substituting  (VI.3.2)  in  (VI. 3.1), 


0£ov 


Dx  £\ 

—  —  «v 

8  Z 


(VI.3.2) 


(VI. 3. 3) 


D  is  the  directive  gain  for  the  antesina  opecified  in  the  direction  in 
which  the  gain  factor  is  tu  be  established. 


s_y 
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,0  i*  'ho  directive  gain  in  the  equatorial  plane  of  the  half-wave  dipole 
A/  *+  2 

in  free  space.  It  is  self-evident  that  E^y  does  not  depend  on  the  antenna's 
directional  properties.  E2y  is  proportional  to  antenna  efficiency  for  a  given 
power.  Taking  the  efficiency  of  the  half-wave  dipole  as  equal  to  1,  we  obtain 

—  0.V 
2 

Substituting  this  expression  in  formula  (VI.3.3),  and  considering  that 


V2 


1.64, 


e  =  DT)/l.64. 


(VI. 3. 4) 


The  relationship  at  (VI. 3. 4)  is  true  for  any  antenna,  and  can  be  used  to 
find  one  of  the  three  antenna  parameters  if  the  other  two  are  known.  If  the 
expression  for  D  from  formula  (VI.1.10)  is  substituted  into  (VI. 3. 4),  then 


Kt 


(VI.3.5) 


We  note  that  when  an  isotropic  antenna  with  an  efficiency  of  1  is  used 
as  the  standard  antenna  the  relationship  at  (VI. 3. 4)  becomes 


e  =  DT). 


(Vl.3.6) 


#VI.4.  Receiving  Antenna  Directive  Gain 

The  quality  of  receiving  antennas  too  can  be  characterized  by  the  directive 

gain,  the  efficiency,  and  the  gain  factor. 

The  receiving  antenna's  directive  gain  in  a  specified  direction  is  the 

ratio  of  the  power,  P^c,  applied  to  the  receiver  input  when  reception  is  from 

that  direction  to  the  average  (in  all  directions)  value  of  reception  power, 

P  . 
av 

Thus 


D  = 


P 


/P  . 
rec  av 


(VI. 4.1) 


Since  the  power  at  the  receiver  input  is  proportional  to  the  square  of 
the  voltage  across  the  input,  the  directive  gain  can  also  be  defined  as  the 
ratio 

-  D  =  U2/t^y  ,  (VI.4.2) 

where 

U  is  the  voltage  across  the  receiver  input  upon  reception  from  the 
direction  specified; 

2 

U  is  the  average  value  of  the  square  of  the  voltage  across  the 
av 

receiver  input* 


:/  'A-v. 


V. 
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tfVI.5.  Receiving  Antenna  Gain  Factor.  The  Expression  for  the  Rower 
Applied  to  the  Receiver  Input  in  Terms  of  the  Gain  Factor. 

The  receiving  antenna  gain  factor  in  a  specified  direction  is  the  ratio 
of  the  power  applied  to  the  receiver  input  during  reception  from  that  direction 
to  the  power  supplied  to  the  receiver  input  during  reception  with  a  standard 
antenna.  A  non-dircctional  antenna  is  used  as  the  standard  antenna  in  the  meter 
and  shorter  wave  bands.  The  half-wave  dipole  in  free  space  is  usually  used 
as  the  standard  antenna  in  the  shortwave  band. 


Accordingly, 


Prec//PX/2  * 


(VI. 5.1) 


where 


P  is  the  power  supplied  to  the  receiver  input  during  reception  by 
rcc 

the  antenna  specified; 

*s  t*le  P°wer  supplied  to  the  receiver  input  during  reception  by 
a  half-wave  dipole. 

The  following  assumptions  are  made  in  defining  the  gain  factor: 

(1)  the  field  strength  is  the  same  when  reception  is  by  the  antenna 
specified  and  when  by  the  half-wave  dipole; 

(2)  the  half-wave  dipole  is  in  free  space; 

(3)  antenna  and  dipole  have  an  optimum  match  with  the  receiver; 

(4)  the  half-wave  dipole  is  receiving  from  the  direction  of  maximum 
reception;  that  is,  from  the  direction  passing  through  the  equatorial  plane. 

The  gain  factor  can  be  defined,  as  the  ratio 


IP 


(VI. 5. 2) 


U  is  the  voltage  across  the  receiver  input  when  reception  is  by  the 
antenna  specified; 

U^,2  is  the  voltage  across  the  receiver  input  when  reception  is  by  a 
half-wave  dipole. 

The  relationship  at  (VI. 5. 2)  assumes  the  input  impedance  of  the  receiver 
during  reception  to  be  the  same  for  both  antennas,  and  that  conditions  1  through 
4  above  are  satisfied. 

Knowing  the  gain  factor  for  the  receiving  antenna,  we  can  establish  the 
power  applied  to  the  receiver  input  for  optimum  match, 


Substituting  the  value  for  P  .  from  formula  (V.24.4), 


o 


eVc/5800 


(vi. 5. 3> 


if  the  efficiency  of  the  transmission  line,  Tjp,  connecting  antenna  and 
receiver  is  taken  into  consideration, 

Prec  =  iS^eV'5800  (VI. 5. 4) 

#VI,6.  Receiving  Antenna  Efficiency 

Receiving  antenna  efficiency  is  the  efficiency  of  this  same  antenna  when 
it  is  used  for  transmitting. 

#VI.7.  Equality  of  the  Numerical  Values  of  e  and  D  when  Transmitting 
and  Receiving _ 

What  has  been  proven,  above  is  that  the  patterns  are  the  same  when  trans¬ 
mitting  or  receiving,  regardless  of  the  antenna  used.  Comparing  the  defini¬ 
tions  for  antenna  directive  gain  when  transmitting  and  receiving,  it  is  not 
difficult  to  conclude  that  sameness  of  the  patterns  predetermines  the  sameness 
of  the  numerical  values  of  the  directive  gains  when  transmitting  and  receiving. 

The  reciprocity  principle  is  the  basis  for  proving  the  sameness  of  the 
numerical  values  of  the  gain  factor  for  any  antenna  when  transmitting  and  when 
receiving. 

It  follows,  therefore,  that  (VI. 3. 4)  and  (VI. 3. 6)  will  remain  valid  when 
equated  to  any  receiving  antenna. 

#VI.8.  Effective  Length  cf  a  Receiving  Antenna 

The  concept  of  effective  length  can  also  be  used  to  evaluate  how  well  a 
receiving  antenna  will  function. 

The  effective  length  of  a  receiving  antenna  is  the  ratio  of  the  emf  across 
the  receiver  input  to  the  electric  field  strength.  Let  us  find  the  effective 
length  of  a  half-wave  dipole  in  free  space. 

According  to  (V.24.3),  the  effective  length  of  a  half-wave  dipole  equals 

/.  =  —  =  (VI. 8.1) 

—  £  * 
i 

This  expression  for  effective  length  assumes  that  the  receiver  is  con¬ 
nected  directly  to  the  center  of  the  dipole. 

Let  us  now  suppose  that  the  half-wave  dipole  is  connected  to  the  receiver 
by  a  transmission  line  with  characteristic  impedance  W^.  Let  a  transforming 
device,  Tr,  which  matches  the  characteristic  impedance  of  the  transmission  line 
to  the  dipole's  input  impedance,  the  resistive  component  of  which  equals 
73.1  ohms  (fig.  VI. 7. l),  be  inserted  between  the  transmission  line  and  the 
dipole.  The  input  impedance  of  the  transmission  line  will  equal  where  it 

i3  connected  to  the  receiver.  The  relationship  between  the  emf,  e  ,  supplied 

rec 


to  the  receiver  by  the  transmission  line  and  the  emf,  e^/2;  ac**r*9  the 
middle  of  the  dipole  can  be  established  from  the  equality 


a 


(VI. 8. 2) 


where 

T)p  is  the  transmission  line  efficiency;  losses  in  the  transforming  device 
are  taken  into  consideration. 


Figure  VI. 7.1.  Block  schematic  of  a  receiving  antenna  with  a 
transformer  for  matching  the  antenna  input 
impedance  to  the  transmission  line  characteristic 
impedance. 

A  -  transformer;  B  -  receiver. 

The  effective  length  of  the  half-wave  dipole  connected  to  a  receiver 

through  a  transmission  line  with  characteristic  impedance  V  equals 

r 

l{/2  =  erec/E  =  .  (VI. 8.3) 

According  to  the  definition  of  gain  factor,  the  effective  length  of 
any  antenna  can  be  expressed  in  terms  of  the  effective  length  of  a  half-wave 
dipole  through  the  formula 


leff  “  lX/2~/®" 


Substituting  the  value  for  l^2  in  (VI. 8. 4), 


(VI. 8. 4) 


I 
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,'fV I.t.  Independence  of  Receptivity  of  External  Non-l)irectional  Noise 

from  Antenna  Directional  Properties,  Influence  of  Parameters  e, 

D,  and  T)  of  a  Receiving  Antenna  on  the  Ratio  of  Useful  Signal 
Power  to  Noise  Power. _ 

A  distinction  should  be  made  between  directional  and  non-directional  noise. 
Receptivity  of  directional  noise  depends  on  the  shape  of  the  receiving  antenna's 
receiving  pattern  and  on  the  direction  from  which  the  noise  is  arriving.  When 
circumstancos  are  right,  the  direction  from  which  the  noise  is  arriving  can 
coincide  witli  the  direction  of  minimum  antenna  reception*  The  directional 
antenna  can,  in  this  caje,  greatly  reduce  the  absolute  value  of  the  noise  emf. 
Conversely,  the  directional  antenna  will  provide  no  increase  in  noise  resistance 
when  noise  direction  and  maximum  antenna  reception  direction  coincide. 

Of  definite  interest  is  investigation  of  the  receiving  antenna  when  noise 
arrives  simultaneously  from  all  directions,  since  the  likelihood  that  the 
relationship  between  the  amplitudes  and  phases  of  the  noise  fields  incoming 
from  different  directions  will  be  arbitrary  is  quite  probable.  This  never 
happens  in  actual  practice,  but  there  are  individual  cases  of  noise  coming  in 
from  many  directions  at  once,  and  it  is  this  which  creates  conditions  approxi¬ 
mating  those  when  noise  arrives  from  all  directions  at  once. 

Let  us  find  a  general  expression  for  emf  and  power  across  the  receiver 
.input  produced  by  the  noise  acting  in  the  manner  described.  Let  us  imagine 
that  there  is  a  sphere,  its  center  coinciding  with  the  antenna's  phase  center, 
around  the  receiving  antenna,  and  let  the  noise  sources  be  located  outside 

this  sphere.  Let  us  designate  the  square  of  the  field  strength  created  at 

2 

the  antenna  by  the  noise  passing  through  unit  solid  angle,  by  E  .  Then 

n 

the  square  of  the  field  created  by  the  roise  and  passing  through  the  elementary 

solid  angle  dui  equals 
s 


The  square  of  the  emf  across  the  receiver  input,  produced  by  this  noise 
field  equals 

d(e2)  =  E2  t2  dcu  ,  (Vl.g.l) 

n  n  elf  s 

w'  ,• 

l  „ .  is  the  effective  length  of  the  antenna  in  the  case  of  reception 
eil 

from  a  direction  passing  through  the  elementary  angle  da>  * 

s 

Substituting  the  value  for  i  ^  from  formula  (VI. 8. 5)  in  formula  (VI. 9. l) 
and  expressing  e  in  terms  of  D  [using  formula  (VI.3.4)],  we  obtain 


A 

av 


d(e2)  =  E2  X2/tt2  V_T)„T)/l20  Ddo)  .  (VI. 9. 2) 

n  n  rr  s 

Based  on  data  from  the  theory  of  probability,  the  average  resultant  vector 
over  a  long  interval  of  time,  obtained  from  the  sum  of  the  vectors  A  ,  A0, 
..,  which  have  a  disordered  phase  relationship,  can  be  defined  from 


U 


I 


i  ' 


i 

t 

*  )  j 

s—"’  I 
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2  2  ~  ° 

Aav  *=  A1  +  ;2  A3  *  *” 


According  to  this  then,  the  average  value  of  the  square  of  the  entf 
2 

produced  by  the  noise,  e^  ,  passing  through  unit  solid  angle,  and  with  ex¬ 
pression  (VI. 1,6)  taken  into  consideration,  equals 


Substituting  in  (VI. 9. 3) 


„  W  T1  71  4*  -  **(*•• 

e2  =E2(A)2-Ol  — ^ - . 

n  av  n  n  120*4tt  —• 

f  d?|f*(A.?)eo*A<iA 
(VI. 9.3)  5  S 

du>s=cosA0d^0d?t',  j  F1  (Ao.  ?«)  “j; 


f)  cos  Ad  A 


(VI.9.3) 


we  obtain 


Sc  J  2*  S 

=  F*{A0,  ?#)cosA„dA,- P(A,  -rfcosAdA, 

00  0  0 


2  ,,.2  ,  X  \  2 

°n  av  “  En  tt  “120“  ’ 


(VI. 9.4) 


from  whence 


.  .  E  (i)V^  . 

n  av  n  tt  I  120 


(V 1.9.5) 


What  follows  from  formula  (VI. 9. 5)  is  that  the  effective  length  of  any 
antenna  receiving  non-directional  noise  equals 

(VI.9.6) 

The  noise  intensity  at  the  receiver  input  when  match  is  optimum,  that  is, 
when  input  impedance  of  the  receiver  equals  Wp,  can  be  expressed  by  the  for¬ 
mula 

(VI. 9. 7) 


The  power  developed  by  the  noise  across  the  receiver  input  when  match 
is  optimum  and  when  7)  =  1,  equals 


p  Jn  in  \2  2  V) 

n  2W^“  “  V  En  2?0  * 


(VI. 9. 8) 


Then,  from  formula  (VI. 9.8),  the  average  power  produced  across  the  receiver 
input  by  non-directional  noise  over  a  long  time  interval  does  not  depend  on 
the  antenna  directive  gain,  but  only  on  its  efficiency. 

Thus,  the  use  of  directional  receiving  antennas  will  not  result  in  a 
weakening  of  the  verage  noise  power  across  the  receiver  input  when  conditions 
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■  ■  that  ncise  is  arriving  from  all  directions.  The  effect  derived  from 

■»  r,  is:  of  a  directional  receiving  antenna,  as  compared  with  that  obtained 

fro.,  the  use  of  a  non-directional  antenna  under  these  conditions  simply  re- 

uces  to  an  increase  in  the  ratio  of  the  power  produced  across  the  receiver 

mp.it  by  the  incoming  signal,  P  ,  to  the  power  produced  by  the  noise  P  . 

s  n 

This  is  obvious  when  the  ratio  P^/P^  for  an  arbitrary  antenna  and  a  half¬ 
wave  dipole  are  compared. 

According  to  the  definition  of  gain  factor, 


Ps  ePs  X/2’ 


(VI. 9. 9) 


where 


^yn  is  the  power  supplied  across  the  receiver  input  when  reception 
is  by  a  half-wave  dipole  in  free  space. 

The  non-directional  noise  power,  with  reception  by  any  antenna,  equals 


TIP 


n  X/2’ 


(VI. 9. 10) 


where 


P  ,  .  is  the  noise  power  supplied  across  the  receiver  input  when 
n  K/  A 

reception  is  by  a  half-wave  dipole. 

Comparing  formulas  (VI.9.9)  and  (V.9.I0), 


*t  =  . 


from  whence 


pn. Ln 
2 


£s. 

Pn 


psL 

2 

»±. 

2 


D 

1.64 


(VI. 9. U) 


Thus,  if  the  noise  arrives  from  all  directions  at  once  the  gain  in  the 
magnitude  of  the  ratio  of  useful  signal  power  to  noise  power  provided  by  any 
antenna,  as  compared  with  the  half-wave  dipole,  equals  D/l.64. 

When  compared  with  a  completely  non-directional  (isotropic)  antenna,  the 
gain  equals  D. 

When  compared  with  an  isotropic  antenna,  the  gain  in  the  ratio  of  the  use¬ 
ful  signal  emf  to  the  noise  emf  equals  Y5. 


#VI.10.  Emf  Directive  Gain 
The  ratio 


x  =  e  /e 
s  n 

is  the  characteristic  ratio  for  reception  quality,  where 

e  is  the  emf  across  tne  receiver  input  produced  by  the  useful  signal; 
s 

e  is  the  emf  across  the  receiver  input  produced  by  unwanted  signals, 
n 
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The  magnitude  x  can  be  called  the  coefficient  of  excess. 

Let  us  introduce  the  concept  of  relative  noise  stability  for  antennas, 
understanding  this  to  be  the  ratio 

e  /e 

,  s  n  x 

“  e  /e  ~  x  ’ 

s  non  n  non  non 


where 

x  is  the  ratio  e^/e^  when  reception  is  by  a  specified  antenna; 

x  is  the  ratio  e  /e  when  reception  is  by  o  non-directional 

non  s  non  n  non  1 

(isotropic)  antenna. 

It  is  assumed  that  the  ratio  between  the  useful  signal  and  unwanted  signals 
is  the  same  when  reception  is  by  a  given  antenna  and  by  an  isotropic  antenna. 

Under  real  conditions  the  magnitude  of  6  changes  constantly,  the  result 
of  constant  change  in  useful  and  unwanted  signal  field  strengths  and  the 
directions  from  which  these  signals  arrive.  The  concept  of  an  average  opera¬ 
tional  value  of  6  can  be  introduced  in  order  to  evaluate  the  operational 

properties  of  receiving  antennas.  We  can  call  this  magnitude  6  •  It  is 

av 

sometimes  taken  that 

6  =TrT.  (vi. io.i) 

av 


Formula  (VI.lO.l)  is  valid  if  noises  incomixig  front  all  directions  arc 
applied  to  the  receiver  input,  simultaneously,  and  this  follows  from  the  data 
in  #V.9.  Practically  speaking,  the  evaluation  of  the  operational  noise 
stability  based  on  formula  (VI.lO.l)  is  satisfactory  when  the  noise  is  from 
individual  discrete  directions,  provided  that  several  eaifs  produced  by  the 
individual  noises  coming  from  different  directions  are  applied  across  the 
receiver  input. 

In  the  latter  case,  in  view  of  the  arbitrariness  f  the  phases  of  the  emfs 
of  the  individual  noises,  the  resultant  eraf  equals 


where 


n  res 


-r- 


’nl 


+  e 


h2 


nn 


'VI. 10. 2) 


e  ,  e  ,  ...,  e  are  the  emfs  developed  across  the  receiver  input 
nl  n2  nn 

by  the  noises  coming  from  different  directions. 

Since  noise  powers  across  the  receiver  input  are  proportional  t-  the 

square  of  the  emfs  of  the  noises,  in  this  case  D,  arrived  at  through  t  •  mula 

(VI. 4.1),  establishes  6  quite  well  if  its  connection  with  the  magnitude  of 

av 

D  is  arrived  at  through  formula  (VI.lO.l).  Practically  speaking,  the  external 
noise  is,  for  the  most  part,  produced  by  radio  stations  operating  on  frequen¬ 
cies  within  the  receiver’s  passband,  and,  as  a  rule,  the  interfer  at  any 
given  time  can  be  established  by  the  emf  developed  across  the  receiver  input 
by  the  operation  of  any  one  of  the  interfering  stations.  Given  conditions 


ii/v-Owo— t)Cl 
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such  as  those,  che  magnitude  of*y P  does  not  adequately  describe  the  relative 
noise  stability.  It  is  more  correct  to  evaluate  the  magnitude  of  6  through 
the  formula 


6 

av 


emf 


(VI. 10, 3) 


where 


D 


emf 


is  the  emf  directive  gain,  established  through 


D  _  •■/(*«•  ?.)1 _ 

emf  • 

j 

W  v  J  I F(A.  y)f  cot  A  d i 
o  o 


(VI. 10. 4) 


Normalizing  j  F" (a »o)  !  to  ]  K(Aq,<?  )|  ,  and  recognizing  that  ordinarily  the 
function  F (A ,<p)  is  symmetrical  with  respect  to  some  azimuth,  reading  from 
that  azimuth,  we  obtain 


D 


emf 


2« 


I  2 

fdV  j  1  ft  (A.  y'/iCOS  Ad 4 
$  a 


!^(*.  <?)!  = 


If  (i.  9)1 
'/(A-?.)!  * 


(VI. 10. 5) 


The  relative  noise  stability  of  two  arbitrary  receiving  antennas,  1  and  2, 
can  be  defined  by  the  expression 


6 

av 


X1A2 


=  D 


emf 


lAemf  2 


(VI. 10. 6) 


where 

X1  '’ind  x2  are  the  avera9e  operational  values  for  the  x  factors  for 
antenn-<s  1  and  2; 

Demf  1  aud  Deraf  2  are  the  oraf  directive  gains  for  antennas  1  and  2. 

Two  antennas  with  identical  values  for  the  directive  gain,  D,  can  have 

different  values  for  P  Let  us,  for  example,  take  antennas  1  and  2,  the 

first  of  which  Has  a  narrower  major  lobe  than  the  second.  Let  the  side  lobes 

of  antenna  1  be  so  much  iarqer  than  those  of  antenna  2  that  their  D  factors 

,re  identical.  Then,  as  follows  from  simple  calculations,  0  for  at*e»na 

emf 

2  is  larger  than  D  for  antenna  1. 
emi 

But  the  conclusion  that  V  does  not  generally  characterize  the  noise  sta¬ 
bility  of  receiving  antennas  does  not  follow  from  the  foregoing.  However. 


1.  G.  Z,  Ayzenberg .  "The  Travel ;ng  Wave  Antenna  With  Resistive  Coupling." 
Radiotekhnika,  No.  6.  1959. 
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proper  use  of  this  factor  can,  to  some  degree,  enable  us  to  orient  out  selves 

when  we  are  evaluating  the  qualities  of  receiving  antennas.  With  this  in 

,  mind,  as  well  as  because  an  accurate  computation  of  D  .  involves  even  greater 

j  emf 

|  computational  difficulties,  we  will  henceforth  cite  the  data  which  characterize 

>  the  value  of  D  for  these  antennas  when  we  describe  the  properties  of  individual 

‘  types  of  receiving  antennas. 
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Chapter  VII 


PRINCIPLES  AM)  METHODS  USED  TO  DESIGN  SHORTWAVE  ANTENNAS 


#VII.l.  Required  Wave  Hand 

The  wave  band  required  for  day  -long  and  year-round  communications  is  ex¬ 
tremely  inportant  in  designing  antennas  for  radio  communications,  and  must  be 
known - 


Figure  VII. 1.1  Required  wave  bands:  1  -  shortest  waves,  used  during 
the  summer,  in  the  daytime,  during  the  period  of 
maximum  solar  activity;  2  -  longest  waves,  used  during 
the  winter,  at  night,  during  the  period  of  minimum 
solar  activity;  3  -  longest  waves,  used  during  the 
winter,  at  night,  during  the  period  of  minimum  solar 
activity  during  ionospheric  perturbations. 

A  -  wave  bands  for  normal  ionosphere;  D-d,  kilomete*?; 
C  -  X,  meters. 


Figure  VII. 1.1  shows  the  curves  which  establish  the  operating  wave  bands 
required  for  day-long  and  year-round  communications  during  years  of  minimum 
and  maximum  solar  activity.  The  shortest  waves  are  required  in  the  daytime 
during  years  of  maximum  solar  activity.  Curve  1  shows  the  shortest  waves  re¬ 
quired  during  a  period  of  maximum  solar  activity  in  the  summer  in  daytime. 

Even  shorter  waves  (5  to  6  meters)  can  be  used  in  the  winter  on  long  main  line: 
during  periods  of  maximum  solar  activity  during  the  short  periods  of  daylight. 
The  longest  waves  are  required  at  night  in  the  winter  during  years (of  minimum 
solar  activity  (curve  2). 

Even  longer  waves  can  be  used  during  the  winter,  at  night,  during  periods 
of  minimum  solar  activity  during  ionospheric  pertu-'oati-  ;  (curve 


The  curves  in  Figure  VII. 1.1  were  graphed  for  a  northern  geographic  latitude 
CD  =  56°.  The  value  of  the  wavelengths  obtained  from  the  curves  in  Figure  VII. 1.1 
must  be  multiplied  by  the  correction  factor  in  order  to  determine  the  re¬ 
quired  wavelengths  in  other  latitudes.  Figure  VII. 1.2  shows  the  dependence  of 
this  factor  on  the  geographic  latitude. 

The  data  cited  were  taken  from  materials  provided  by  the  Scientific 
Research  Institute  of  the  Ministry  of  Communications  of  the  USSR  and  show  thst 
an  extremely  broad  band  is  needed  to  service  shortwave  main  lines. 


Figure  VII. 1.2.  Correction  factors  for  determining  wave  bands  required 
in  latitudes  other  than  56°. 

A  -  summer  (day);  B  -  winter  (night);  C  -  north 
latitude. 

#VII.2.  Tilt  Angles  and  Beam  Deflection  at  the  Reception  Site 
(a)  Tilt  angles 

Knowledge  of  the  tilt  angles  of  the  beams  reaching  the  reception 
site  is  of  great  significance  in  designing  shortwave  antennas.  Transmitting 
antennas  must  be  designed  so  their  radiation  patterns  provide  maximum  team 
intensity  upon  reaching  the  reception  site,  that  is,  that  attenuation  be  a 
minimum,  while  the  directional  diagram  for  receiving  antennas  should,  in  so 
far  as  possible,  provide  for  maximum  intensity  in  the  reception  of  these 
beams.  Beams  are  propagated  from  transmission  point  to  reception  point  in 
various  ways.  For  example,  in  communicating  over  a  distance  of  5, OCX)  km, 
when  the  height  of  the  reflecting  layer  is  300  km,  the  beam  can  be  reflected 
two,  three,  or  even  more  times  between  the  transmission  point  and  the  reception 
point.  The  tilt  angle  is  7°  for  two  reflections,  and  10°  for  three.  This 
example  shows  that  beams  with  different  tilt  angles  can  reach  the  reception 
site. 

Beam  tilt  angles  at  the  reception  site  change  with  time  because  of  daily, 
seasonal,  and  annual  changes  in  the  height  of  the  reflecting  layer.  Tilt 
angles  can  also  change  because  of  the  appearance  of  unevenness  in  the  reflecting 
surface,  as  well  as  because  of  the  beam  diffusion  (scattering)  phenomenon. 
Diffusion  is  a  phenomenon  which  usually  occurs  at  night,  particularly  in  years 
of  reduced  solar  activity. 

Generalization  of  the  results  of  measurements  made  of  beam  tilt  angles 
at  the  reception  sites  by  various  countries  for  lines  of  various  lengths  leads 
to  the  following  conclusions. 


Figure  VII. 2.1.  Dependence  of  beam  tilt  angle  on  length  of  main 
line. 


The  highest  degree  of  probability  of  carrying  on  communications  on  lines 
ranging  in  length  from  200  to  1500  to  2000  km  is  with  beams  with  one  reflection 
off  the  F^  layer.  Figure  VII. 2.1  shows  the  curves  for  the  dependence  of  the 
beam  tilt  angle  £  on  the  length  of  the  main  line,  d,  for  one  reflection.  The 
curves  were  constructed  for  heights  of  the  reflecting  layer,  H,  equal  to 
250,  300,  and  350  km. 

Antenna  design  for  main  lines  200  to  1500  km  long  should  take  the  range 
of  angles  bounded  by  the  curves  constructed  for  heights  of  250  and  350  km, 
since  maximum  radiation  will  be  obtained  in  this  way. 

When  main  lines  are  longer,  the  most  probable  values  for  the  tilt  angles 
will  change  within  limits 

from  2  to  3°  to  20®  for  a  main  line  2000  to  3000  1cm  long; 

from  2  to  3°  to  18®  for  a  main  line  3000  to  5000  km  long; 

from  2  to  3°  to  12°  for  a  main  line  5000  to  10000  km  long. 

It  should  be  borne  in  mind  that  the  range  of  beam  tilt  angles  at  the 

reception  site  can  spread  wider  thah  the  limits  indicated.  For  example,  maximum 
tilt  angles  on  long  main  lines  can  be  20  to  25. 

(b)  Beam  deflection 

Radio  waves  are  normally  propagated  from  the  point  of  transmission 
to  the  point  of  reception  over  an  arc  of  a  great  circle  on  the  earth.  When 
the  condition  of  the  ionosphere  changes  in  certain  ways  there  is  a  deflection 
(deviation)  in  the  direction  in  which  the  radio  waves  are  propagated  away  from 
this  arc.  Unevenness,  or  slopes,  on  the  reflecting  surface  of  the  ionosphere 
can  cause  beam  deflection. 

When  deflection  occurs  the  beams  arriving  at  the  reception  site  appear 
to  have  been  radiated  on  an  azimuth  which  fails  to  coincide  with  the  direction 
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of  the  arc  of  the  groat  circle.  Also  possible  is  the  simultaneous  arrival  of 
beams  propagated  along  the  arc  of  a  great  circle  and  of  beams  which  have  some 
deflecl'on.  And  those  which  have  been  deflected  con  be  more  intense  than  those 
propagated  along  the  arc. 

Currently  available  are  experimental  data  demonstrating  that  there  is 
practically  no  deflection  when  waves  are  propagated  over  the  illuminated  track, 
but  that  deflection  is  observed  for  the  most  part  at  times  oi  partial  track 
illumination. 

Deflection  is  slight  in  the  overwhelming  majority  of  cases,  no  more  than 
a  few  degrees,  but  there  are  times,  particularly  during  magnetic  storms,  when 
it  can  be  tens  of  degrees. 

The  possibility  of  beam  deflection  must  be  taken  into  consideration  when 
designing  antennas.  The  directional  patterns  of  antennas  designed  for  operation 
under  conditions  of  partial  track  illumination  should  be  wide  enough  to  make 
communications  possible  when  operation  is  with  beams  which  have  some  deflection. 
The  question  of  the  limits  into  which  the  directional  pattern  in  the  horizontal 
plane  can  be  constructed  when  operation  is  over  a  partially,  or  wholly  un¬ 
illuminated  track,  while  not  causing  any  considerable  increase  in  the  number  of 
hours  of  non-communications  attributable  to  deflection,  cannot  now  be  con¬ 
sidered  as  having  been  finally  resolved.  It  can  be  assumed  that  an  adequate 
width  for  a  half-power  pattern  is  4  to  6°. 

#VII . 3 .  Echo  and  Fading.  Selective  Fading 
(a)  Echo 

Beams  with  different  propagation  paths  do  not  arrive  at  the  reception 
site  at  the  same  time.  The  greater  the  number  of  reflections,  the  later  the 
beam  will  arrive  at  the  reception  site.  This  failure  to  arrive  simultaneously 
is  called  echoing,  and  manifests  itself  in  signal  repetitior  during  reception. 

Experimental  data  demonstrate  that  the  difference  in  the  times  of  arrivals 
of  beams  can  be  as  much  as  2  to  3  microseconds.  The  time  difference  in  the 
travel  of  adjacent  beams  will  be  greater  the  greater  the  number  oi  times  they 
are  reflected.  For  example,  this  difference  on  the  main  line  between  Moscow 
and  New  York  is  about  0.8  microsecond  for  the  first  and  second  beams,  and  about 
1.2  microseconds  between  the  third  and  fourth  beams.  This  travel  time  difference 
can  be  increased  by  shoitening  the  main  line  when  the  beams  have  the  same 
number  of  reflections. 

Echoing  causes  distortion  in  telephone  and  telegraph  operations  alike. 

In  telegraph  operations  echoing  causes  plus  bias,  that  is,  an  increase  in  the 
duration  of  transmitted  pulses,  and  a  corresponding  decrease  in  the  duration 
of  the  spacing,  in  turn  leading  to  a  requirement  that  keying  speed  be  limited. 
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Example.  Let  the  travel  difference  for  the  beams  equal  T. . =  1.5 

dx  I  f 

microseconds.  Operation  is  by  Morse  code  using  Creed  equipment  with  a 

speed  of  N  =  300  international  words  per  minute.  It  is  known  that  the 

number  of  bauds^  per  second  when  using  Morse  code  is  an  average  O.8.N.  In 

this  case  the  nur-'ber  of  bauds  per  second  equals  N.  =  0.8  •  300  =  240. 

b 

Duration  of  one  baud  equals 

’  =  1/340  =  0.00415  sec  =  4.15  microseconds. 

D 

The  shortest  spaces  have  a  one-baud  duration. 

The  percentage  of  plus  bias  equals 

1.5/4.15  100%  =  36%. 

There  are  various  ways  to  cope  with  echoing.  One  effective  method  is 
to  reduce  the  number  of  beams  accepted  by  the  antenna,  and  this  is  done 
by  appropriate  selection  of  the  shape  of  the  directional  patterns  for  trans¬ 
mitting  and  receiving  antennas.  Beams  following  different  paths  as  a  rule 
have  dissimilar  tilt  angles  and  deflections,  so  when  the  directional  pattern 
is  constricted  and  oriented  accordingly  the  desired  beams,  or  groups  of  beams, 
can  be  separated.  Chapter  XVII  will  describe  one  version  of  an  antenna 
which  makes  it  possible  to  separate  desirable  beams. 

We  note  that  in  addition  to  the  above-described  echoing,  which  occurs 
as  a  consequence  of  receiving  beams  which  differed  in  the  number  of  re¬ 
flection  enroute  from  the  radiation  site  to  the  reception  site,  there  is 
also  a  so-called  round-the-world  echo,  which  occurs  as  a  result  of  the  re¬ 
ception  of  beams  traveling  the  same  arc  of  a  great  circle  as  the  main  sig¬ 
nal,  but  in  the  opposite  direction.  Now  the  difference  in  beam  travel  can 
be  in  the  tens  of  milliseconds.  A  high-degree  of  unidirectionality  should 
be  the  goal  for  both  transmitting  and  receiving  antennas  in  order  to  cope 
with  this  type  of  echo. 

(b)  Fading.  Selective  fading. 

The  presence  of  beams  which  have  covered  different  paths  at  the  reception 
site  causes  a  continuous  fluctuation  in  the  magnitude  of  the  field  strength. 
This  is  the  phenomenon  known  as  fading.  Fading  occurs  as  a  result  of  constant 


1.  A  baud  is  a  conventional  equivalent,  the  duration  of  which  equals  the 
duration  of  one  dot  in  the  Morse  code.  The  number  of  bauds  per  word 
equals 

T  /t 

word  time’ 

where 

Tword  *s  t*le  aVera9e  incoming  time  for  one  word; 


II 

I 

I 

I 

I 


o 


RA -008-68 


167 


change  in  the  phase  relationships  of  the  field  strengths  of  tn*  individual 
beams.  In  addition,  the  beam  itself  is  usually  heterogenous.  Each  beam, 
in  turn,  consists  of  a  bundle  of  homogenous  beams,  between  which  there  ere 
extremely  snail  differences  in  travel,  yet  these  are  sufficient  to  cause 
fading.  This  reduces  to  the  fact  that  the  individual  beams  too  are  subject 
to  fading. 

Variations  in  the  field  strengths  of  the  individual  beams  also  occur 
as  a  result  of  rotation  of  the  plane  of  polarization.  This  is  why  fading 
also  occurs  when  a  single  homogenous  beam  is  present  at  the  reception  site. 

From  what  has  been  said,  then,  we  can  see  that  the  picture  of  the  varia¬ 
tion  in  field  strength  is  extremely  complicated. 

When  radiotelephone,  cr  radiotelegraph  station,  propagate  a  frequency 
spectrum  there  is  either  simultaneous  fading  over  the  entire  spectrum,  or 
fading  of  individual  frequencies  within  the  spectrum.  The  latter  is  known 
as  selective  fading.  Selective  fading  will  be  found  when  beams,  or  bundles 
of  beams,  traveling  greatly  different  paths,  are  present  at  the  reception 
site. 

Selective  fading  can  be  explained  in  this  way.  Let  there  be  two  beams 
with  difference  in  time  of  arrival  equal  to  T  at  the  reception  site*  Then 
the  difference  in  the  phases  of  the  field  strengths  of  these  beams,  established 
by  the  path  difference,  equals 

4diff  "  ~  3TTfT  »  (VII. 3.1; 

where 

f  is  the  frequency  in  hertz. 

Let  us  designate  the  carrier  frequency  for  the  radiated  spectrum  by 

f  ,  and  the  modulating  frequency  by  F  ,  F  ,  ...,  F  .  The  side  frequencies 
v  1  n 

equal  /»=*/•  ±  Ft, 

/»  =■  /•  ±  Ft, 

fa  —  f»~x.Fh* 

The  phase  shifts  between  the  beam  field  strength  vectors  at  different 
frequencies  equal 


«I»,  =  2c/,t 

*1  =  2=/,t  .  2*^ 

M 

«(*,  =  2-/.t  * 

* I 

<!>„  =  2*/,t  *  2*~ 


(vn.3.2) 


< 


iu-oott-68 


168 


where 

$0  is  the  phase  shift  in  the  carrier  frequency; 

$  ,  $2  •••  $n  are  the  phase  shifts  in  the  side  frequencies; 

T, ,  T„  ...  T  are  the  oscillation  periods  for  the  modulating  frequencies. 

1  2  n 

As  we  see  from  formula  (VII. 3*2),  the  phase  shift  consists  of  two 
components  in  the  general  case.  The  first  of  these  is  the  same  for  all 
frequencies  in  the  spectrum,  but  the  second  depends  on  the  modulating  fre¬ 
quency,  and  establishes  the  possibility  of  selective  fading.  If  r  is  so 
small  that  the  angle  2rr  t/T  is  extremely  small,  equal  to  a  few  degrees  for 
example,  for  all  values  of  F ^(diff  =  1»  2»  3  ...)i  then  the  ph^se  shift 
between  the  field  strength  vectors  for  both  beams  is  approximately  the 
same  for  all  frequencies  in  the  spectrum  and  fading  will  occur  on  all  fre¬ 
quencies  in  the  spectrum  simultaneously.  But  if  T  is  commensurate  with 
T,  fading  will  be  selective,  that  is,  will  not  occur  simultaneously  on  all 
frequencies. 

Example.  There  are  two  beams  with  a  travel  time  difference  of  1  micro¬ 
second  at  the  reception  site.  Determine  the  nature  of  the  fading  of  a  radio¬ 
telephone  transmission  modulated  by  a  frequency  spectrum  from  50  to  3000  hertz 

Solution.  For  purposes  of  simplification  we  will  assume  that  angle 
2nfQT  is  a  multiple  of  2rr.  Then  the  resultant  field  strength  for  both  beams 
can  simply  be  determined  by  the  angle  2rr  t/T. 

Maximum  fading  .occurs  at  frequencies  determined  from  the  relationship 

2tt  t/T  =  (2n  +  1)tt,  (VII. 3.3) 

where 

n  is  any  number,  or  zero. 

From  formula  (VII. 3. 3)  we  establish  the  period  of  the  modulating  fre¬ 
quency  at  which  maximum  fading  occurs 

T  =  2t/2n  +  1, 

from  whence 

Tq  =  2t  =  2  microseconds, 

T^  =  2/3  T  =  0.666  microsecond, 

T  =  2/5  T  =  0,/t  microsecond. 

ti 

The  obtained  values  for  T  correspond  to  the  modulating  frequencies 

Fq  =  l/TQ(sec)  =  500  hertz, 

F^  =  l/T^(sec)  =  1500  hertz, 

F^  =  l/T2(sec)  «  2500  hertz. 

Hioher  modulating  frequencies  are  outside  the  spectrum  specified. 
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Maximum  field  strength  occurs  at  frequencies  determined  from  the 
relationships 


where 


from  whence 


2rr  t/T  =  2rr  n, 
n  =  lt  2,  3, 


T  =  t/1  =  1  -microsecond, 

T2  =  r/2  =  0.5  microsecond, 

=  t/3  =  0.33  microsecond. 


(VII. 3. 4) 


Corresponding  modulating  frequencies  equal 


F^  =  l/T^(sec)  =  1000  hertz, 

F2  =  l/T2 ( sec )  =  2000  hertz, 

F  =  l/T (sec)  =  3000  hertz. 

3  3 

Maximum  field  strength  will  also  be  observed  at  the  carrier  frequency. 

In  the  example  cited  fading  and  maximum  field  strength  occur  simultaneous¬ 
ly  on  both  symmetrical  side  frequencies.  This  is  because  of  the  assumption 
made  that  2nf0T  is  a  multiple  of  2rr.  In  the  general  case  fading  and  growth 
in  field  strength  on  symmetrical  frequencies  is  not  simultaneous. 

In  practice,  the  magnitude  of  T  does  not  remain  constant  but  changes 
continuously,  and  this  causes  a  continuous  change  in  the  amplitude  and  phase 
relationships  for  the  radiated  frequency  spectrum. 

The  picture  of  selective  fading  described  is  that  of  two  beams  at  the 
reception  site.  When  there  are  several  beams  the  picture  is  more  complex. 
However,  the  general  nature  of  fading,  and  of  its  selectivity  in  particular, 
when  there  is  a  considerable  difference  in  beam  travel  remains  in  all  cases. 

Selective  fading  is  accompanied  by  considerable  distortion  of  the  trans¬ 
mission,  particularly  in  telephone  and  phctotelegraph  operation. 

What  follows  from  the  data  cited  with  respect  to  selective  fading  is 

♦ 

that  it  can  be  avoided  by  eliminating  reception  of  many  beams. 

One  way  in  which  this  can  be  done  is  to  use  antennas  with  narrow  and 
controlled  directional  patterns. 


#VII,4,  Requirements  Imposed  on  Transmitting  Antennas  and  Methods 
for  Designing  Them. _ 

The  basic  requirement  imposed  on  the  transmitting  antenna  is  to  obtain 

the  maximum  field  strength  for  assigned  radiation  power  in  the  necessary 

direction;  that  is,  obtain  the  highest  gain  factor. 


Only  by  reducing  the  radiation  intensity  in  other  directions  can  the 
intensity  of  radiation  in  a  specified  direction  be  obtained  for  assigned 
power;  that  is,  by  constricting  the  radiation  pattern  and  orienting  the  an¬ 
tenna  accordingly. 

Contemporary  professional  shortwave  antennas  achieve  constriction  of 
the  radiation  pattern,  and  the  corresponding  field  amplification  in  the 
assigned  direction  by  distributing  the  energy  among  a  great  many  simple 
dipoles  located  and  excited  in  such  a  way  that  their  fields  in  the  assigned 
direction  can  be  added  in  phase,  or  with  small  mutual  phase  shifts. 

Let  us  illustrate  what  has  been  said  by  the  use  of  a  concrete  example. 
Suppose  we  have  some  radiator,  say  a  balanced  dipole.  And  suppose  the 
}X>wer  applied  to  the  dipole  equals  P.  Then  current 

(VII. 4.1) 

will  flow  in  the  dipole,  and  is  the  rosistive  component  of  the  dipole's 
input  impudaiico. 

The  field  strength  at  some  point  M  in  direction  r^  perpendicular  to 
the  dipole  axis  (fig.  VII. 4.1)  can  be  expressed  as  follows  in  the  general 
case: 

Et  =  A!  »  A  j/X,  (VII. 4. 2) 

where 

A  is  a  proportionality  factor  which  depends  on  the  distance,  propagation 
conditions,  and  dipole  dimensions. 

Let  another  such  dipole,  II,  be  added  to  dipole  I,  while  retaining  total 
input  at  the  same  level  (fig.  VII. 4. 2). 


Figure  VII. 4.1.  Derivation  of  formula  (VII. 4. 4). 


Figure  VII. 4. 2.  Derivation  of  formula  (VII. 4. 4) 
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Let  us  assume  that  the  input  is  halved  between  dipoles  I  and  II,  ami 
that  the  current  flowing  in  them  is  in  phase.  Obviously,  the  field  strengths 
of  both  dipoles  will  add  in  phase  in  direction  because  the  m-tim  paths 
from  both  dipoles  to  the  reception  site  are  the  some  in  this  direction. 

Field  strength  at  the  reception  site  equals 

a  -  £. -!-  r„  -  ».  -  m  |/5  "  V?  ’  (vn-4-3) 

where 

and  are  the  field  strengths  for  dipoles  I  and  II;  in  this  case 


R^  is  the  resistive  component  of  the  input  impedance  of  one  dipole. 

It  it  is  assv.'c-d  that  dipoles  I  and  II  are  positioned  such  that  their 
mutual  influence  can  be  ignored,  R^  =  R^. 

And,  as  will  be  seen  when  (VII. 4. 3)  and  (VII. 4. 2)  are  compared, 

_ _  (VI 1. 4. 4) _ 

Thus,  field  strength  is  increased  by  the-/?,  and  the  gain  factor  is 
doubled. 

Similarly,  replacement  of  a  single  dipole  by  N  dipoles  will  be  accom¬ 
panied  by  an  increase  in  the  gain  factor  by  a  factor  of  N.  Equivalent  power 
radiated  in  direction  rQ  is  increased  by  a  factor  of  N. 

It  goes  without  saying  that  the  assumptions  we  have  made  with  respect  to 
the  mutual  spacing  of  the  dipoles,  and  the  lack  of  phase  shift  between 
currents  flowing  in  the  dipoles,  are  not  mandatory.  The  only  thing  that  is 
important  is  that  the  mutual  spacing  of  the  dipoles  and  the  current  phase 
relationships  be  such  that  the  individual  dipoles  will  add  in  phase  in  the 
necessary  direction. 

It  must  not  be  forgotten  that  the  conclusion  made  is  only  valid  when 
the  assumption  made  concerning  the  mutual  effect  of  the  individual  dipoles 
on  their  pure  resistance  being  small  is  correct.  This  requires  consider¬ 
able  separation  between  dipoles.  What  follows  from  the  foregoing  is  that 
the  use  of  the  method  described  to  obtain  large  gain  factors  involves  an 
increase  in  antenna  size. 

Virtually  all  types  of  antennas  usid  in  the  shortwave  band  are  designed 
by  this  method.  The  difference  between  the  individual  types  of  antennas  is 
only  in  the  difference  in  the  methods  used  to  achieve  co-phasality  6f  the 
fields  of  the  individual  dipoles  comprising  the  antenna. 

.As  was  pointed  out  above,  an  increase  in  field  strength  in  .a  definite 
direction  can  be  achieved  by  constricting  the  radiation  pattern;  that  is, 
by  reducing  the  intensity  of  rad^ution  in  other  directions.  The  latter 


« 


1  7'- 


foil  oh*,  from  sin.;)’.  •*  computations.  As  a  matter  of  foci,  we  c.u:  taki-  the 
.liiOvo-CLioo  oxai.ipl  o  t  f  i g .  V 1 1 .  a  . 'J  ; .  The  dipoles  are  spaced  in  such  a  way 
that  their  fields  add  m  paase  in  direction  r^.  The  field  strengths  of 
dipoles  .  and  II  are  displaced  in  phase  in  other  directions.  For  example, 
in  direction  r  ,  which  forms  angle  Q  with  the  axes  of  the  uipoies,  the 
difference  in  the  boom  paths  equals  d  cos  0,  and  the  phase  displacement 
between  the  field  strength  vectors  for  these  beams  equals 

■j  --  i  </  cos  0  --  '2r.  ens 
* 


When  the  distances  between  dipoles  in  certain  directions  are  sufficient¬ 
ly  large  amj.f  y’  c-.r.  equal  7>2n  t  l),  where  n  =  0,  1,  2,  ...,  and  the  re¬ 
sultant  f lu  strength  equals  zero.  The  greater  the  number  of  dipoles,  the 
greater  the  difference  in  phase  of  the  dipole  fields  in  directions  other  than 
tne  main  direction  of  transmission,  and  the  narrower  the  major  lobe  of  the 
spatial  radiation  pattern. 

Accordingly,  increasing  field  strength  in  a  specified  direction  by 
distributing  the  energy  among  a  great  many  dispersed  dipoles  definitely  con¬ 
stricts  the  radiation  pattern. 

The  method  of  designing  ant  annas  described  here,  one  involving  the  dis¬ 
tribution  of  available  energy  among  a  great  many  radiating  elements  positioned 
and  excited  such  that  the  elements  add  in  phase,  or  with  a  small  phase  dis¬ 
placement,  in  the  required  direction,  provides  the  radiition  pattern  shape 
yielding  the  maximum  radius  vector  for  tne  pattern  in  that  direction,  how¬ 
ever,  it  does  not  provide  the  narrowest  radiation  pattern  for  specified  an¬ 
tenna  dimensions. 

In  principle,  it  is  possible  to  obtain  radiation  patterns  as  narrow  as 
•^desired  for  any  assigned  antenna  limensions,  and,  as  a  result,  as  high  a 
gain  in  the  magnitude  of  field  strength  as  desired  for  the  corresponding  out 
of  phase  summation  of  fields  produced  by  the  individual  radiations.  The 
aboj'e  indicated  dependence  between  gain  in  field  strength  and  antenna  dimen¬ 
sions  is  only  valid  when  fields  of  individual  antenna  elements  at  the 
reception  site  are  in  phase.  Accordingly,  it  is  possible,  in  principle,  to 
design  highly  efficient,  small  antennas.  However,  small  antennas  have  cer¬ 
tain  shortcomings  as  a  natural  consequence  of  their  size.  When  the  ui  poles 
are  excited  so  they  produce  a  field  which  sums  out  of  phase  the  required 
field  strength  at  the  reception  site  for  assigned  radiated  power  is  such 
that  very  much  greater  current  amplitudes  are  excited  in  the  antenna  than 

k 

is  the  case  for  co-phased  excitation.  This  causes  an  Increase  in  reactive 

energy.  The  ratio  of  reactive  energy  to  radiated  energy  increajpejj  ;j^er>»  '*  } 

rapidiy  with  reduction  in  antenna  size,  and  this  growth  is  accompanied  by  a 

|  c6rresj*£»iuig  constriction  in  the  pasband  and  an  increase  in  Met*— 

\  _  fl'v 

over,  strong  cross  co-.p.iug  between  eleme  .ts  of  sir.  ill,  higi.'y  directional 

antenna*  s*a  tes  it  difficult  to  tune  them. 


Hence  small,  highly  directional  antennas  are  not  used.  The  possibility 
of  reducing  the  size  of  highly  directional  antennts  with  ou.  of  phase  fielr.s 
created  by  their  individual  elements  has,  to  a  limited  extent,  seen  practical 
realization  in  the  form  of  traveling  wave  antennas,  and  in  certain  other 
types  of  antennas. 

#V I I. 5.  Types  of  Transmitting  Antennas 

(a)  Balanced  dipole 

One  of  the  simplest  typos  of  antennas  using  the  above  method  for 
increasing  field  strength  in  a  specified  direction  is  the  balanced  dipole, 
each  leg  of  which  is  no  longer  than  X/2.  This  dipole  consists  of  two 
identical  halves,  excited  in  phase.  Maximum  radiation  is  obtained  in  a  direc 
tion  normal  to  the  dipole  axis  because  in  this  direction  the  fields  of  both 
halves  and  of  all  elements  in  each  half  of  the  dipole  sum  in  phase.  The 
radiation  pattern  of  tnis  dipole  was  shown  in  Figure  V.4.1. 

(b)  The  Tatarinov  antenna 

The  antenna  suggested  by  V.  V.  Tatarincv  is  another  way  in  which 

V 

the  method  described  for  increasing  the  gain  factor  in  a  specified  direction 
can  be  used.  The  operating  principle  is  as  follows.  Suppose  we  have  a 
balanced  dipole,  the  length  of  which  is  considerably  greater  than  the  wave 
length.  If  we  disregard  attenuation,  the  current  distribution  is  as  shown 
in  Figure  VII. 5.1. 


Figure  VII. 5.1.  Current  distribution  on  a  long  balanced 
dipole. 

As  will  be  seen  from  Figure  VII. 5.1,  both  halves  of  the  dipole  are  ex¬ 
cited  in  phase  and  there  are  sections  X/2  long  in  each  in  which  the 
currents  are  opposite  in  phase. 

This  dipole  is  unsuited  for  use  as  a  radiator  in  a  direction  normal  to 
its  axis  because  the  fields  created  by  the  excitation  in  the  sections  of  the 
dipole  in  which  phases  are  opposite  will  cancel  each  other.  However,  if, 
in  some  way,  the  radiation  from  the  segments  passing  currents  of  one  phase 
can  be  eliminated  the  dipole  will  be  a  system  of  half-wave  dipoles  excited 
in  phase  and  providing  an  increase  in  the  field  strength  in  a  direction 
normal  to  the  axis. 

The  antenna  arrangement  suggested  by  Tatarinov  (fig.  VII. 5.2)  solves 
this  problem.  Segments  of  the  conductor  carrying  currents  of  one  phase 
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Figure  VII. 5.2.  Schematic  diagram  of  the  Tatarinov  antenna. 

convolute,  becoming  two-wire  lines,  while  the  segments  of  the  conductor 
passing  currents  of  the  opposite  phase  remain  involute  and  act  as  radiators. 
Out  of  phase  currents  flowing  in  the  two-wire  lines( loops)  provide  very  slight 
radiation. 

The  Tatarinov  arrangement  is  a  comparatively  simple  way  i’i  which  to 
distribute  energy  between  a  great  many  co-phasally  excited  dipoles.  The 
fields  of  all  dipoles  add  in  phase  in  the  direction  normal  to  the  antenna 
axis  and  the  gain  factor  in  this  direction  increases  in  proportion  to  i  he 
number  of  half-wave  dipoles. 

The  Tatarinov  antenna  has  two  directions  in  which  radiation  is  a 
maximum,  so  it  is  fitted  with  a  reflector  (fig.  VII. 5. 3)  in  order  to  make 
it  unidirectional.  The  reflector  is  a  system  similar  in  all  respects  to  the 
antenna  proper.  The  reflector  is  usually  suspended  at  a  distance  of  from 
0.2  to  0.25  X  from  the  antenna. 

The  reflector  is  excited  in  such  a  way  that  the  field  strengths  of  re¬ 
flector  and  antenna  are  in  phase  in  direction  r^  (fig.  VII, 5. 3),  and  opposite 
in  phase  in  direction  r2>  The  reflector  produces  a  unidirectional  radiation 
pattern  and  the  field  strength  in  direction  r^  is  increased  approximately  f 2. 
Figure  VII. 5. 4  shows  the  radiation  pattern  in  the  horizontal  plane  for  the 
Tatarinov  antenna  with  four  half-wave  dipoles  in  each  half. 
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Figure  VII. 5. 3.  Antenna  with  reflector. 

A  -  reflector;  B  -  antenna. 
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Figure  VII. 5. 4.  Iiadintion  pattern  in  tho  horizontal  plane  for 
the  Tntarinov  antenna  consisting  of  eight 
half-wave  dipoles. 
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( c )  Broadside  vertical  antenna 

Figure  VII. 5. 5  is  a  schematic  diagram  of  a  broadside  vertical  an¬ 
tenna. 

The  antenna  consists  of  several  sections  (four  in  this  case)  fed  from 
one  source  over  transmission  lines  1  and  2. 


Figure  VII. 5. 5«  Schematic  diagram  of  a  vertical  broadside 
antenna. 

Each  section  is  a  vertical  conductor  functioning  on  the  same  principle 
as  does  the  Tatarinov  antenna.  The  difference  is  that  radiation  from  the 
segments  and  out  of  phase  carrier  currents  are  eliminated  by  their  convolu¬ 
tion  into  a  coil.  The  radiation  produced  by  the  current  flowing  in  the  coils 
is  very  weak,  as  in  the  case  of  the  segments  of  the  conductor  ir.  the  Tatarinov 
antenna  convoluted  into  a  loop. 

The  vertical  broadside  antenna  can  be  developed  upward  (increasing  the 
number  of  tiers),  as  well  as  broadwise  (by  increasing  the  number  of  sections). 

The  antenna  is  fitted  with  a  reflector  to  make  it  unidirectional. 

The  vertical  broadside  antenna  was  used  on  many  main  radio  lines  in 
the  first  years  of  shortwave  main  radio  communications. 

The  chief  shortcoming  of  the  vertical  broadside  antenna  is  the  vertical 
orientation  of  the  dipole.  The  use  of  vertical  dipoles  in  the  shortwave  band 
simply  means  that  much  of  the  power  applied  to  the  antenna  is  dissipated  in 
the  ground.  Use  of  an  artificially  metallized  ground  can  reduce  these  losses, 
but  this  is,  as  a  practical  matter,  extremely  complicated  and  uneconomical. 
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(d)  Ho  r i /ont  a  1  h roads  1  do  I'niloniU!  (S(») 


A  somewhat  different ,  ;unl  extremely  convenient,  method  distributes 
energy  between  matched  led  dipoles  in  a  horizontal  broadside  antenna,  the 
basic  elements  of  which  were  developed  in  the  USSR,  in  the  Nizhegorod  Radio 


Laboratory. 
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Figure  VII. 5. 6.  Schematic  diagram  of  a  horizontal  broadside 
antenna. 


A  -  section;  D  -  tier. 


One  version  of  the  antenna  is  shown  in  Figure  VII. 5. 6.  It  has  four 
sections.  In  phase  excitation  of  the  sections  is  ensured  because  the 


current  paths  from  source  to  each  section  are  identical,  a  factor  which 
also  provides  identical  current  amplitudes  in  all  sections.  The  identity 
of  current  amplitudes  for  dipoles  in  the  first  and  second  tiers  of  each 
section  is  ensured  because  the  tiers  are  interconnected  by  two-wire  lines 
X/2  long.  The  voltages  across  two  points  displaced  \/2  from  each  other  are 
identical  in  absolute  value  in  lossless  lines.  However,  in  the  absence  of 
special  measures  the  currents  flowing  in  the  first  and  second  tiers  will  be 
'l80°  apart  because  the  voltages  across  lines  X/2  apart  will  be  l8o°  out  of 
phase.  The  inter-tier  lines  are  crossed,  and  this  is  the  equivalent  of 
creating  an  additional  180°  phase  shift,  so  this  eliminates  the  phase  »hilt 
mentioned.  The  horizontal  broadside  antenna  can  be  developed  upward  by  in¬ 
creasing  the  number  of  tiers,  as  well  as  broadwise  by  increasing  the  number 
of  dipoles  in  each  tier. 
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Figure  VII. 5. 7.  General  view  of  horizontal  broadside  antennas. 
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Figure  VII. 5. 7  shows  a  general  view  of  horizontal  broadside  antennas 
built  for  one  of  the  radio  centers.  Horizontal  broadside  antennas  are 
usually  fitted  with  reflectors.  Antennas  of  this  type  are  used  b>  modern 
shortwave  transmitting  radio  centers.  A  detailed  analysis  is  mace  xn 
Chapter  XI. 

(e)  Slant  wire  antenna 

The  elements  of  this  particular  antenna  is  a  conductor  installed 
in  the  form  of  a  broken  line  and  consisting  of  straight  line  sections  \/2 
long,  in  the  same  vertical  plane  (fig.  VII. 5. 8).  Current  flows  in  the 
dipoles  are  conventionally  designated  by  arrows.  Each  slant  segment  of  the 
conductor  produces  a  field  which  can  be  represented  in  the  form  of  horizontal 
and  vertical  components.  The  vertical  components  of  the  field  strength 
vectors  for  all  dipoles  are  in  phase  in  the  direction  normal  to  the  plane  in 
which  the  antenna  elements  are  located,  but  the  horizontal  components  are 
out  of  phase  in  pairs  and  are  therefore  mutually  compensatory. 


Figure  VII. 5-8.  Schematic  diagram  of  a  single-tier  slant 
wire  antenna. 


•  V  ,-i  r  '■  •"  ’  '  '•  !  Ij"  ’  .  ’ 

Figure  VII. 5. 9*  General  view  of  a  slant  wire  antenna. 

The  slant  wire  antenna  is  usually  made  up  of  several  co-phasally  excited 
elements  located  one  above  the  other  in  the  vertical  plane.  The  antenna  is 
usually  fitted  with  a  reflector.  The  direction  of  maximum  radiation  of  this 
antenna  (like  that  of  all  the  above-described  antennas)  is  normal  to  the  plane 
in  which  its  curtain  is  located,  and  the  antenna  produces  only  the  vertical 
component  of  the  field  strength  vector  in  this  direction.  The  shortcomings 
of  the  vertical  antennas  indicated  above  are  characteristic  of  the  slant  wire 
antenna  as  well. 
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t  A  general  view  ox'  die  antenna  is  shown  in  Figure  VII. 5.9* 

.  ( l )  V-antonna 

j  Figure  VII. 5. 10  is  a  general  view  of  a  V-antonna.  It  consists  of 

r 

I  two  horizontal,  or  slant,  wires  positioned  at  some  angle  to  each  other. 

|  Tlie  operating  principle  of  this  antenna  is  as  follows.  We  have  ex- 

!  plained  in  Chapter  V  that  a  long  conductor  produces  intense  rfdiation  at 

some  angle  to  its  axis.  For  example,  the  maximum  radiation  produced  by  a 
I  conductor  1  =  8\  is  at  an  angle  of  17.5°  to  its  axis.  The  angle  between  the 

!  conductors  is  selected  such  that  the  field  in  the  direction  of  the  bisector, 

or  at  some  height  angle  to  the  bisector,  produced  by  both  conductors  adds 
in  phase,  resulting  in  an  increase  in  the  gain  factor  in  this  direction. 

Complex  antennas,  consisting  of  two  and  more  V-antennas,  are  used  to 
further  increase  the  gain  factor. 


Figure  VII. 5. 10.  General  view  of  a  V-antenna. 


Figure  VII. 5. 11.  Schematic  diagram  of  a  V-antenna  with 
reflector. 

Figure  VII. 5-11  is  a  sketch  of  a  complex  V-antenna  consisting  of  the 
uk  in  curtain  A,  and  the  reflector  P. 

(g)  Rhombic  antenna 

Figure  VII. 5-12  is  the  schematic  diagram  of  the  rhombic  antenna. 

The  operating  principle  of  this  antenna  will  be  taker,  up  in  detail  later  on. 
Her*  we  will  simply  note  that  the  arrangement  of  the  rhombic  antenna  too  is 
based  on  the  above  explained  method  of  designing  directional  antennas,  that 
of  distributing  energy  among  matched  working  dipoles.  In  this  case  the  energy 
is  distributed  among  four  conductors  passing  the  current  of  a  traveling  wave. 
The  conductors  themselves  have  sharply  defined  directional  properties 
(figs.  V.2.1  -  V.2.4).  The  four  conductors  of  the  rhombic  antenna  are  po¬ 
sitioned  such  that  their  fields  add  in  phase  in  the  necessary  direction. 
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Figure  VII. 5.12.  Schematic  diagram  of  a  rhombic  antenna. 

A  -  direction  of  maximum  radiation. 

Complex  rhombic  antennas  are  often  used  in  practice  (double  rhombic 
antennas,  and  others) . 

The  big  advantage  of  the  rhombic  antenna  is  that  it  can  be  used  over  a 
broad,  continuous  band  of  frequencies. 

Rhombic  antennas  are  widely  used  throughout  the  world. 

There  are,  in  addition  to  the  antennas  discussed  above,  a  great  many 
other  types  of  antennas  which  we  will  not  discuss  here. 

#VII.6.  Requirements  Imposed  on  Receiving  Antennas 

The  receiver  input  always  has  sin  emf,  e^,  which  interferes  with  reception 
across  it,  and  this  emf  is  in  addition  to  the  useful  signal  emf. 

Let  us  call  the  expression 


the  coefficient  of  excess,  x. 

’  i 


x.  =  e  /e. 
i  s  i 

This  data  is  taken  from  #VI.10. 

The  basic  requirement  imposed  on  the  receiving  antenna  is  that  it 
provide  the  maximum  possible  coefficient  of  excess. 

Let  us  distinguish  between  internal  and  external  noise  sources.  External 
sources  are  those  which  induce  extraneous  emfs  in  the  antenna.  These  are 
carried  to  the  receiver  input  by  the  transmission  line.  Sources  such  as 
these  include  the  noise  produced  by  stations  radiating  on  frequ-'-^ies  close 
to  each  other,  by  atmospheric  charges,  by  industrial  sources  of  radio  inter¬ 
ference,  and  others. 

Internal  noise  sources  are  tube  noises  caused  by  fluctuations  in  the 
electron  flows  through  the  tubes,  and  circuit  noises  caused  by  the  thermal 
movement  of  electrons  along  the  conductors. 

All  stages  of  the  receiver  have  tube  and  circuit  noises,  but  tube  and 
circuit  noise  erafs  can  be  replaced  by  equivalent  emfs  at  the  receiver  input, 
or  as  they  say,  they  can  be  reduced  to  the  receiver  input. 

Accordingly 
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c-  ia  i.iiu  external  noise  cmf  across  the  receiver  input; 
ex 

c  is  the  receiver's  internal  noises  reduced  to  the  receiver  input, 
n 

The  requirements  imposed  on  the  receiving  antenna  depend  or  the  ratio 

of  e  to  e  . 
ex  n 

Two  extreme  main  line  operating  modes  can  be  distinguished. 

The  first  mode  occurs  when  e  p  e  .  the  second  when  e  <?  e  . 

ex  n  ex  n 

In  the  first  mode 

x.  =  x  =  e  /e  ,  (VII. 6. 2) 

l  s  ex 

because  reception  quality  is  determined  only  by  the  ratio  of  signal  emf  to 

external  noise  emf  received  by  the  antenna. 

What  follows  from  the  data  in  #VI.10  is  that  in  the  first  mode  reception 

quality  is  determined  by  the  directive  gain,  D  orY^* 

eml 

The  gain  factor  has  no  significant  value  in  this  case  because  when  the 
shape  of  -'he  directive  pattern  is  retained  change  in  reception  strength  is 
not  accompanied  by  a  change  in  the  coefficient  of  excess. 

In  the  second  receiving  antenna  operating  mode 

x.  =  x  =  e  /e  ,  (VII. 6. 31 

l  n  s  n 

that  is,  the  reception  quality  is  determined  by  the  ratio  of  signal  emf  to 
receiver  internal  ncise  emf. 

Substituting  the  expression  for  eg  we  obtain 

Xn  =  XEs/TTenV  WFT1F/73'1  "F-  (VU. 6.4) 

As  will  be  seen,  the  antenna  gain  factor  is  of  decisive  importance  in 
the  second  mode. 

It  should  be  noted  that  the  lower  the  antenna  gain  factor,  the  greater 
the  probability  that  the  main  line  is  operating  in  the  second  mode.  There  is 
marked  predominance  of  the  first  regime  in  the  case  of  modern  receiving  an¬ 
tennas  on  shortwave  main  lines.  The  second  regime  is  most  often  observed 
during  years  of  reduced  solar  activity,  particularly  at  night.  The  inter¬ 
mediate  operating  mode,  when  e^  and  e^  are  commensurable,  is  rare,  but  when 
encountered  the  coefficient  of  excess  must  be  computed  through  formula 
(VII. 6.1). 

What  follows  from  what  has  been  said  is  that  increase  in  directive  gain 
is  particularly  important  for  the  receiving  antenna.  Increase  in  the  gain 
factor  is  also  material. 
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ffVlI.7.  Methods  Used  to  Doainn  Receiving  Antennas 

The  methods  used  to  design  shortwave  receiving  untennas  are  similar  to 
those  used  to  design  shortwave  transmitting  antennas. 

The  growth  in  field  strength  in  the  necessary  direction  when  transmitting 
is  obtained  by  the  distribution  of  energy  among  the  radiating  dipoles,  the 
latter  positioned  and  excited  in  such  a  way  that  the  fielQ  strengths  of  the 
individual  dipoles  add  in  phase  in  the  assigned  direction,  or  with  minimum 
mutual  phase  displacement. 

The  growth  in  power  applied  to  the  receiver  input  when  reception  occurs 
is  arrived  at  similarly.  The  receiving  dipoles  are  positioned  in  space  anc 
connected  to  each  other  and  to  the  receiver  input  in  such  a  way  that  the 
emfs  induced  in  all  dipoles  by  the  wave  arriving  from  a  specified  direction 
produce  co-phased  voltages,  or  voltages  with  small  mutual  phase  displacements, 
at  the  receiver  input. 

Let  us  take  the  concrete  example  of  an  antenna  consisting  of  two  balanced 
dipoles  to  illustrate  this.  Let  the  incoming  wave  arrive  from  direction 
normal  to  the  dipole  axis.  Let  us  suppose  that  initially  reception  is  by 
one  dipole  and  that  transmission  line  feeds  emf  e^  to  the  receiver  input 
(fig.  VII. 7.1).  Let  the  input  impedance  of  the  transmission  line  at  the 
receiver  input  equal  Zp  =  Rp  t  iXp.  Maximum  energy  at  receiver  input  is  ob¬ 
tained  if  the  receiver  input  impedance  equals  Rp  -  iXp. 

In  this  case  the  power  applied  to  the  receiver  input  equals 


Prec  * 


(vil. 7.1) 


Let  us  now  suppose  that  instead  of  one  dipole  we  have  two  identical 
dipoles  oriented  relative  to  the  direction  of  the  incoming  wave  in  the  same 
way  as  was  the  first  dipole  (fig.  VII. 7. 2).  We  will  assume  the  same  trans¬ 
mission  lines  used  in  the  first  case  are  used  here  to  carry  the  emf  from  the 
dipoles  to  the  receiver. 


Figure  VII. 7.1*  Explanation  of  the  methods  used  to  design 
receiving  antennas. 

A  -  receiver. 
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Figure  VII. 7. 2.  Explanation  of  tho  methods  used  to  design 
receiving  antennas. 

A  -  receiver. 


Since  the  transmission  lines  to  both  dipoles  are  of  equal  length  and 
since  both  dipoles  are  located  ir,  a  straight  line  oriented  along  the  wave 
front,  the  emfs  from  both  dipoles  ere  identical  in  amplitude  and  phase  at 
the  receiver  input.  Emf  amplitude  for  two  dipoles  will  remain  what  it  was 
in  the  case  of  one  dipole. 

If  dipoles  I  and  II  are  separated  in  such  a  way  that  the  input  impedance 
of  each  can  be  taken  as  equal  to  the  input  impedance  of  a  single  dipole,  the 
impedance  of  two  transmission  lines  connected  to  the  receiver  input  in 
parallel  equals 

Rp/2  ♦  i  V2 

The  power  applied  to  the  receiver  input,  efficiency  is  optimum,  equals 


2  RF 

P'  =  ef/8  JL  =  2P  . 
rec  1  2  rec 


(VII. 7. 2) 


As  will  be  seen,  the  power  supplied  to  the  receiver  is  doubled,  while 
the  voltage  across  the  grid  of  the  input  tube  of  the  receiver  is  increased 
by  the~fz.  It  goes  without  saying  that  the  gain  in  the  power  supplied  to  the 
receiver  will  not  change  if  transmission  lines  other  than  those  used  with 
one  dipole  are  used  with  two  dipoles.  What  is  necessary,  regardless  of  the 
case  involved,  is  to  have  optimum  match  with  receiver  input  and  equal  trans¬ 
mission  line  efficiencies. 

The  increase  in  power  indicated  is  applied  to  the  receiver  input  when 
the  beams  picked  up  by  the  antenna  arrive  from  a  predetermined  direction, 
but  if  the  beams  arrive  from  other  directions,  say  r^  (fig.  VII. 7. 25,  the 
emfs  induced  in  dipoles  I  and  II  will  be  displaced  in  phase,  one  from  the 
other,  because  of  the  beam  piopagation  difference,  and  there  will  be  a 
corresponding  decrease  ir  the  power  applied  to  the  receiver.  There  can  also 
be  directions  from  which  the  power  applied  to  the  receiver  input  will  equal 
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It  is  not  dn.icult  to  prove  that  if  there  are  N  dipoles  instead  of 
just  one,  correspondingly  phased,  the  gain  facto.r.will  be  increased  N  times 
and  the  voltage  across  the  grid  of  the. input  'till  be  increased"YN  times. 

Accordingly,  the  increase  in  the  power  received  from  one  direction  is 

significantly  linked  to  the  reduction  in  the  power  received  from  other 

I 

directions;  that  is,  linked  with  the  increase  in  the  directional  properties 
of  the  antenna,  and  this  too  follows  from  formula  (VI. 3. 4). 

This  is  the  method  used  to  design  all  modem  shortwave  receiving  antennas 
for  main  radio  communications  and  the  antennas  are  matched,  in  one  way  or 
another,  to  the  operating  system  of  dipoles.  Individual  types  of  receiving 
antennas  differ  from  each  other  only  in  the  manner  ir  which  the  co-phased 
operation  of  the  elements  are  arrived  at,  and  in  the  manner  in  which  the 
elements  proper  are  made. 

The  general  considerations  cited  here  lead  to  the  conclusions  that  any 
transmitting  antenna  capable  of  increasing  field  strength  in  a  specified 
direction  can  be  used  as  a  receiving  antenna,  and  that  the  antenna  will 
provide  for  an  increase  in  power  incoming  from  a  specified  direction  (when 
the  riatcl  to  the  receiver  is  made  accordingly). 

These  conclusions,  based  on  general  considerations,  also  follow  from 
the  principle  of  reciprocity,  which  was  the  bat  is  for  the  proof  of  the 
identity  of  the  directional  properties  of  any  antenna  during  reception  and 
transmission  given  above. 

r 

#VII.8.  Typos  of  Receiving  Antennas 

( a )  General  remarks  \ 

All  of  the  transmitting  antenna  types  described  in  the  foregoing 
are  widely  used,  or  have  been  used,  for  reception  as  well.  The  rhombic  an¬ 
tenna  has  been  particularly  widely  used  in  the  reception  field.  There  are 
certain  types  of  receiving  antennas  which  have  not,  however,  been  used  in  the 
transmission  field.  These  include  the  zigzag  antenna,  the  traveling  wave 
antenna,  and  others. 

(b)  Zigzag  antenna 

In  its  day  the  zigzag  antenna  was  widely  used  in  reception  centers. 
The  schematic  is  shown  in  Figure  VII. 8.1. 
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Figure  VII. 8.1.  Schematic  diagram  of  a  zigzag  antenna. 


A  -  receiver. 


HA-ooa-r.;! 


l8/» 


Maximum  recepl  ion  is  from  t  ho  direction  normal  to  the  curtain  plane, 
and  the  voltages  developed  across  the  receiver  input  induce  in  phase  emfs 
in  the  antenna's  vertical  elements.  The  cinfs  induce!  in  the  horizontal 
elements  are  out  of  phase  in  pairs  and  thus  cancel  each  other. 

It  is  convenient  to  illustrate  what  has  been  said  by  using  the  principle 
of  reciprocity  as  a  base  and  considering  the  antenna  as  if  it  were  used  to 
transmit,  Figure  VII. 8.1  shows  .he  distribution  of  the  currents  along  the 
ar.tenna  when  it  is  excited  by  a  generator.  As  will  be  seen,  all  vertical 
elements  are  excited  m  phase.  The  horizontal  elements  consist  of  two  equal 
segments  excited  in  such  a  way  that  phases  are  opposite. 

(b )  Travel  mg  wave  antenna 

The  traveling  wave  antenna  (fig.  VII. 8. 2)  is  widely  used  in  the 
reception  field. 


Pj  e'.  ’O'i,  cc  Pjc  vc.  C'Cu  cc 
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Figure  VII. 8. 2.  Schematic  diagram  of  a  traveling  wave  antenna. 

A  -  decoupling  resistor;  B  -  terminating 
resistor;  C  -  to  receiver. 

It  consists  of  a  collection  line,  1-1,  connected  to  balanced  dipoles  < 

at  equal  intervals  along  its  length.  The  dipoles  are  usually  impedance  con¬ 
nected  to  the  line.  One  end  of  the  line  goes  to  the  receiver,  the  other  to 
the  impedance,  which  is  equal  to  the  line's  characteristic  impedance.  The 
emfs  induced  in  the  individual  dipoles  by  the  incoming  wave  cause  a  current 
to  flow  tn  the  collection  line  to  the  receiver  input.  The  best  current  pnasing 
from  the  individual  dipoles  is  obtained  when  a  wave  moving  in  the  direction 
shown  in  the  figure  by  the  arrow  is  incoming. 

The  principle  of  operation  of  the  traveling  wave  antenna  will  be  des¬ 
cribed  in  detail  later  on.  We  will  simply  note  here  that  the  significant  ad¬ 
vantage  of  this  antenna  is  the  possibility  of  using  it  over  a  broad,  continuous 
band  of  frequencies. 
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MAX IMI  M  i‘I.K>!Us.SIHl,IC  PUMCK  ‘|Q  Ol'hX-Wl UK  KKKDKHS  AND  ANTKNXAS 

/>‘V11 1 .  l .  M.,\  luiin.i  rower  Carried  by  the  feeder 

The  maximum  povc>r  carried  by  the  feeder  is  determined  by  the  dielectric 
strength  oi  the  insulators  used  and  of  the  air  surrounding  the  feeder.  Let 
us  first  deal  with  the  question  of  the  dielectric  strength  of  air. 

If  field  strength  exceeds  a  permissible  value  ionization  of  the  air 
will  set  in  and  air  breakdown  will  occur.  This  phenomenon  can  be  explained 
as  follows,  i'j-eo  electrons  are  present  in  space,  particularly  near  the  sur¬ 
face  of  a  conductor.  These  electrons  acquire  additional  velocity  as  a  result 
of  the  fielu  effect.  The  greater  the  field  strength  at  the  surface  of  the 
conductor,  u.v  nigher  the  velocity  attained  by  the  electrons,  and  the  more 
frequent  in.  ionization  of  the  neutral  molecules  of  air  colliding  with  these 
electron:  .  mat  is  tut*  oi slody  Lng.  of  electrons  from  their  orbits.  The  dis¬ 
lodge.!  electrons  in  tun.  accelerate  the  process  of  further  ionization.  The 
positive  ions,  tnat  is  molecules  with  excess  positive  charges,  bombard  the 
negative,  y  charged  conductor,  causing  an.  additional  flow  of  electrons  from 
tno  sun  ace  of  the  conductor  into  the  air,  and,  at  the  same  time  also  in- 
tons,  f  vine  the  io..i-/.at ion  process.  Acceleration  of  ionization  is  also  caused 
bv  the  dirocr  activity  of  ions  on  neutral  particles. 

.»n. /alien  is  accompanied  by  a  process  which  decreases  available  ionized 
particles,  the  latte.-  the  result  of  recombination,  and  in  part  the  result 
of  the  ..u,i.iia>ii  of  the  charged  P<>  into  surrounding  space.  If 

field  strength  is  not  too  gre.e  the  process  whereby  charged  particles  are 
reduced  qu.caly  results  in  cu:  i.lmont  of  the  ionization  process  initiated. 

Whoa  fields  are  strong  the  io:  at ion  process  initiated  is  sustained.  The 

result  is  the  ..ppcarant-c  of  ,-taole  volumes  of  ionized  air  around  the  con- 
ductor. 

Kaui.it ion  of  electromagnetic  waves  within  the  limits  of  the  optical  wave 
band  occurs  as  tae  molecules  are  ionized,  causing  the  ionized  air  mass  to 
glow. 

Kiel  a  strength  is  not  everywhere  the  same  along  the  line,  the  result 
of  standing  waves,  as  well  as  because  of  local  nonuni formities  (bends, 
protrusions,  and  others)  where  ole'  ated  field  strengths  are  established. 

This  is  why  the  ionization  process  is  usually  initiated  at  definite  sites 
and  not  ..11  along  the  conductor  and  why  .ionization  is  accompanied  by  elevated 
air  temperatures  at  those  sites.  A  column  of  ionized  air  will  rise,  like 
an  ordinarv  flame,  in  the  form  of  a  torch,  and  hence  the  term  "torch 
emanation."  even  when  the  wing  is  light  the  torch  formed  will  move  with  the 
wind,  and  if  it  on.ers  an  area  with  a  weaker  field  it  will  be  extinguished. 

A  toren  ii.  i niviii.j  on  vertical  or  al ant  wires  will  usually  move  upward. 
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Torch  emanation  on  lines  is  not  permitted,  because  it  can  lean  to 
overheating  and  melting  of  the  conductors.  Too,  torch  emanation  causes 
high  frequency  energy  loss,  since  tne  IM*'  energy  is  converted  into  heat. 

The  lield  strength  at  which  spontaneous  torch  formation  takes  place  is 
called  the  initiating  field  strength,  and  once  the  torch  is  formed  it  can 
be  sustained  at  a  field  strength  below  that  of  initiation.  Minimum  field 
strength  at  which  the  torch  emanation,  once  established,  can  be  sustained  is 
called  critical  field  strength.  If  field  strength  is  higher  than  critical 
torch  emanation  can  occur  as  a  result  of  random  spark  formation  caused  by 
a  conducting  body,  such  as  a  falling  leaf,  a  bird,  an  insect,  a  drop  of 
water,  and  other  bodies,'  coming  in  contact  with  a  current-carrying  conductor. 
It  is  therefore  recommended  that  field  strength  be  below  critical. 

The  initiating  field  strength  is  approximately  equal  to  30  kv/cm.  While 
no  exhaustive  data  on  critical  field  strength  are  available  at  this  time, 
the  experience  in  the  construction  of  powerful  shortwave  stations  is  broad 
enough  to  allow  the  following  conclusions  to  be  drawn.  Critical  field 
strength  does  not  always  remain  the  same,  but  depends  on  temperature  and 
humidity.  Critical  field  strength  decreases  with  increase  in  temperature 
and  humidify,  with  the  result  that  it  is  somewhat  lower  in  the  summer  than 

A}  ,• 

in  the  winter. (  Experience,  as  well  as  theoretical  considerations,  indicate 
that  critical  field  strength  in  the  long  wave  portion  of  the  shortwave  band 
is  .somewhat  greater  than  in  the  short  wave  portion. 

Available  experience  confirms  the  fact  that  the  permissible  amplitude 
of  the  field  strength  is  approximately  equal  to  6  to  8  kv/cm.  Permissible 
power,  in  accordance  with  (1.13.10)  can  be  found  through 

P  =  E2  d2kWn2/28800  (VI I I. 1.1) 

max  per 


where 

^per  *s  the  Permlss^l,^e  amplitude  of  field  strength. 

When  telephone  transmission  is  amplitude  modulated  and  the  transmitter 
is  operating  at  assigned  power  output,  the  peak  amplitude  of  the  field 
strength  is  twice  what  it  is  in  the  telegraph  mode,  so  a  reduction  in  per¬ 
missible  power  by  a  factor  of  four  can  be  expected.  The  experimental  in¬ 
vestigations  made  by  I.  S.  Gonorovskiy  revealed  however  that  as  a  practical 
natter,  because  the  peak  field  strength  lasts  but  a  v~ry  short  time,  one 
can,  if  necessary,  permit  peak  field  strength  amplitude  to  be“l/2  greater. 

Accordingly,  the  peak  field  strength  amplitude  in  the  case  of  AM  1  ole- 
phony  can,  if  need  be,  be  8.4  to  11.2  kv/cm.  Correspondingly,  the  permissible 
power  in  the  case  of  telephony  is  not  reduced  by  a  factor  of  4,  but  only  by 
a  factor  of  2,  so  in  the  case  of  telephone  transmission  maximum  power  can  be 
established  through 
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1>  =  k  *ir  <J2kWn2/28800  (VII 1. 1.2) 

max  1  per 

where 

k^  is  a  constant  which  takes  the  permissible  increase  in  field  strength 
amplitude  to  peak  into  consideration.  From  what  has  been  said,  k^ 
can  be  taken  as  equal  to  0.5. 

Let  us  now  look  at  the  question  of  the  dielectric  strength  of  insulators. 
Since  antenna  and  feeder  insulators  are  in  the  open  air  the  permissible 
potentials  can  be  determined  by  the  dielectric  strength  of  insulators 
covered  with  moisture,  which  is  considerably  below  the  dielectric  strength 
of  a  dry  surface. 

It  can  be  taken  that  it  is  permissible  to  apply  potentials  to  wet  in¬ 
sulators  such  that  the  voltage  drop  acroso  the  insulator  will  be  no  more 
than  1  to  1.5  kv/cm,  or,  putting  it  another  way,  the  potential  gradiant  should 
be  no  more  than  1  to  1.5  kv/cm.  Insulators  used  in  shortwave  feeder  lines 
are  usually  made  in  the  form  of  long  rods  or  sticks  with  smooth  surfaces, 
and  the  purpose  is  to  reduce  the  shunt  capacitance  created  by  the  insulators. 
An  insulator  such  as  that  described  has  a  potential  drop  per  unit  length  of 
path  approximately  the  same  along  the  entire  length  of  the  insulator, 

dV/at  V/l  (VIII. 1.3) 

where 

V  is  the  potential  applied  to  the  insulator; 

I  is  the  length  of  the  path  over  the  surface  of  the  insulator  from 
the  point  of  application  of  the  potential  to  the  point  of  zero 
I>otcntial . 

The  insulator  must  be  metal-tipped  in  order  to  satisfy  the  equality  at 
(VIII. 1.3),  otherwise  there  will  be  an  increase  in  the  potential  gradient 
at  the  point  of  voltage  application. 

One  version  of  this  metal  tip  is  shown  in  Figure  H.V.l. 

We  note  that  in  a  balanced  line  the  potential  is  half  the  voltage  across 
a  0  line. 

r?VHl. 2.  Maximum  Permissible  Antenna  Power 

Ary  typical  shortwave  antenna  (balanced  dipole,  rhombic  antenna,  and 
others)  can  be  reduced  to  an  equivalent  line,  or  to  a  system  of  lines  bet¬ 
ween  which  energy  can  e  distributed  (broadside  antenna  and  others).  There¬ 
fore,  maximum  permissible  power  can  be  established  through  the  same  formulas, 
(VIII. 1.1)  and  (VIII. 1.2),  as  in  the  case  of  the  line.  But  we  must,  however, 
pay  attention  to  the  manner  in  which  individual  units  (the  transpositions. 
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the  end  surfaces  of  the  dipole.-.,  eir.)  are  made  in  onli'r  to  eliminate  heavy 
local  field  gradients.  The  requirements  imposed  on  antenna  insulation  are 
the  same  as  those  imposed  for  feeder  insulation. 

It  should  be  noted  that  data  cited  here  concerning  permissible  powers 
do  not  coincide  with  the  data  cited  in  our  monograph  titled  Antennas  for 
Main  Line  Communications  (Svyaz* izdat,  19^8).  Data  in  the  latter  were  based 
on  a  generalization  of  M.  S.  Neyman's  experimental  investigations.  Obviously, 
while  his  investigations  were  correct,  in  and  of  themselves,  they  were  not 
adequate  for  generalization  purposes. 
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Chapter  IX 

THE  BALANCED  HOliIZON’TAh  DIPOLE 

#IX.l.  Description  anti  Conventional  Designations 

The  balanced  dipole  is  one  of  the  simplest  and  most  widely  used  of  the 
shortwave  antennas.  Figure  IX. 1.1  is  a  schematic,  and  as  will  be  seen  the 
dipole  is  a  conductor,  to  the  center  of  which  an  emf  is  applied  throrgh  a 
feeder,  or  transmission  line. 


Figure  XX. 1.1.  Balanced  horizontal  dipole. 

Chapter  V  discussed  the  general  theory  of  the  balanced  dipole,  and  here 
we  will  use  the  results  of  that  theory  to  establish  tne  properties  of  balanced 
dipoles  used  in  the  shortwave  field. 

The  balanced  horizontal  dipole  has  come  to  be  designated  by  the  letters 
VG  (dipole,  horizontal).  A  balanced  dipole  with  low  characteristic  impedance 
designed  for  broadband  use  is  designated  by  the  letters  VGD  tdipolt^  horizon¬ 
tal,  broadband).  A  fraction,  the  numerator  of  indicates  the  length  of 

one  arm,  1,  and  the  denominator  of  which  indicates  the  height,  H,  at  which 
the  dipole  is  suspended,  is  added  to  the  ’otter  designation  to  indicate  sus¬ 
pension  height  and  arm  length.  For  example,  VG  10/15  signifies  a  horizontal 
dipole  with  an  arm  length  of  10  meters  suspended  at  a  height  of  15  meters. 

#IX.L.  General  Equation  for  Radiation  Pattern 

Engineering  computations  of  the  -adiation  pattern  can  ignore  attenuation 
in  the  dipole,  that  is,  it  can  be  taken  that  y  =  ia.  T.n-s  radiation  pattern 
formulas,  according  to  (V.5.12)  and  (V.5.I3)  ar.d  without  taking  th*  '.actor 
characterizing  the  phase  into  consideration  become 


loop  cos  (» I  cos  y  cos  A)  —  cos  a  1 
r  sin*?  j- ccs*  f  sin*  A  *  v 

X ) 'ITRii*  +  2 1  Px  j cos (>i> ^  —  2i777idT} , 


(IX. 2.1) 


loos  co?  (1  / cos  c  cos  |\)  —  cos  s  < 
r  sin*  y  -j-  cos*  y  sin*  A 


rosy  sin  A.  X 


X  )  l  -ri*,i*-2|/?l  jcos(‘i>,  — 2i//siu&), 


(IX. 2. 2) 
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where 


loop 

<£> 


lRJ  *  1R| 


is  the  curre.it  flowing  in  a  dipole  current  loop; 
is  the  beam  azimuth  angle,  that  is,  the  angle  formed  by  the 
projection  of  the  beam  on  the  horizontal  plane  and  the  direction 
of  the  axis  of  the  dipole; 

is  the  beam  tilt  angle,  that  is,  the  angle  formed  by  the 
direction  of  the  beam  with  the  horizontal  plane; 
is  the  length  of  one  dipole  arm; 

6  and  §  are  moduli  and  arguments  for  the  reflection  factors  for 

ll 


normally  polarized  and  parallel  polarized  beams. 

The  reflection  factors  are  established  through  formulas  (V.5.7)  and 

(V.5.6) 


sin  A —  V  ir  —  cos1 4 
sin  4  -r  y  tf  —  cos*  A 


»,sinA  -j-  Y  —  cos*  A 

Here  e'  =  e  -  i60v  X, 
r  r  'v  1 

where 

t  is  the  relative  dielectric  strength  of  the  soil  (see  .5) ; 
r 

Y  is  the  specific  conductivity  of  the  soil  in  mho/meter. 

Table  IX. 2.1  lists  values  for  e r  s.r>d  y,  for  various  types  of  soils  and 
waters. 

Table  IX. 2.1 


Types  of  waters  and  soils 

e 

r 

Vv 

(mho/'mecer ) 

from 

tto 

from 

to 

Sea  water 

80 

- 

700- lO-3 

7000- 10-3 

Fresh  water 

80 

- 

1*10~3 

1*10~3 

>*10  J 

Wet  soil 

25 

11*10  - 

Dry  soil 

2 

6 

o 

M 

o 

1 

Vo 

Wo"3 

It  is  convention  to  characterize  the  directional  properties  of  antennas 
by  the  radiation  patterns  in  the  vertical  and  horizontal  planes,  with  the 
vertical  plane  taken  to  be  in  the  direction  .of  maximum  radiation.  Accordingly 
in  this  case  the  vertical  plane  is  selected  as  passing  through  the  center 
of  the  dipole  and  normal  to  its  axis  (its  equatorial  plane).  In  this  plane 

E,j  =  0. 


v -<T»-v ^-vr  -  *  *r,/  *  »  .«<*■»►-  ••  »  .  -v»  «*»  «-*  -*  .s  e;  »>■•'•  »»■  (J&gjJS?^ 
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s  I  i/IX.3.  Radiation  Pattern  in  the  Vertical  Plane 

■*•  r  — - - — —  — — — 

Substituting  cp  =  90°  in  formula  (X.2.1),  we  obtain  the  following  ex¬ 
pression  for  the  radiation  pattern  in  the  vertical  plane 

F(a)  =  - =  (l  -  cos  a /)/!+!#  JM  2/?  x  cos  («l>  x  —  2a  //  sin  A)1)  (IX.3.1) 

'  loop 
r 

Figures  IX.3.1  -  IX. 3- 11  show  a  series  of  radiation  patterns  in  the 
vertical  plane  for  various  values  of  H/X-  The  diagrams  were  charted  in  a 
rectangular  system  of  coordinates,  and  because  of  the  symmetry  of  the  patterns 
with  respect  to  the  direction  6  =  90°  only  patterns  for  one  quadrant  were 
charted  in  figures  IX. 3*1  -  IX. 3. 11. 

The  solid  curves  chart  the  patterns  for  ideally  conducting  ground 
(y  =  co) .  The  dashed  lines  chart  the  diagrams  for  ground  of  average  con¬ 
ductivity  ( e =  8,  Yv  =  0.005)-  The  dotted  lines  chart  the  patterns  for  dry 
ground  ( e =3,  Vv  =  0.Q005). 

This  series  of  patterns  characterizes  the  limits  of  change  in  the  shape 
of  the  radiation  patterns  for  various  ground  parameters.  Patterns  for  non¬ 
ideal  ground  were  computed  for  a  wavelength  of  30  meters. 


Figure  IX. 3.1.  Radiation  patterns 
in  the  vertical  plcne  for  a  VG 
antenna  for  various  ground  para¬ 
meters;  H/x  =  0.1. 

Vertical  scale:  E/E 

max 


Figure  IX. 3-2.  Radiation  patterns 
in  the  vertical  plane  for  ->  VG 
antenna  for  various  ground  para¬ 
meters;  H/X  =0.2 


1.  The  engineering  computations  for  horizontal  dipole  radiation  patterns 
usually  assume  that  the  ground  is  ideally  conducting  (|RjJ  =  lt 
and  the  confutation  ia  made  through  formula  (V.5.4). 


=  tt). 


•a 

•i 


1 


i 

3 

j 


*3 


a 


1 


] 


i 


t 


i . 


1 


•■3 
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J 


******  - 
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Figure  IX. 3.9-  Radiation  patterns 
in  the  vertical  plane  for  a  VG 
antenna  for  various  ground  para¬ 
meters;  H/X  =1.0. 


Figure  IX. 3. 10.  Radiation  patterns 
in  the  vertical  plane  for  a  VG 
antenna  for  various  ground  para¬ 
meters;  H/X  =  1.5. 


£ 


Figure  IX. 3. 11.  Radiation  patterns  in  the  vertical  plane 
for  a  VG  antenna  for  various  ground  para¬ 
meters;  H/X  =  2.0. 


I 


These  curves  are  characteristic  enough  for  any  wave  in  the  shortwave 

band.  Figures  IX. 3 .12  and  IX.3.13  show  values  for  |  R.  |  and  for  various 

types  of  ground  and  wave  lengths  of  15  and  80  meters  by  way  of  illustrating 

what  has  been  said.  As  will  be  seen  from  these  curves,  |r  (and  §  have 

a. 

little  dependence  on  the  wavelength  within  the  limits  of  the  shortwave 
band. 


The  relationship 


E/E 


where 


E  is  the  field  strength  in  the  specified  direction; 

^max  *s  strength  in  the  direction  of  maximum  radiation  for 

ideally  conducting  ground,* 

is  laid  out  on  the  axis  of  the  ordinates  in  Figures  IX. 3.1  -  IX. 3. 11. 


1.  The  computation  for  E  assumed  the  resistive  component  of  the  antenna 
impedance  remains  the  same,  regardless  of  ground  parameters. 


Figure  IX. 3 .12.  Dependence  of  the  modulus  of  the  reflection  factor  for  a 

normally  polarized  beam  on  the  angle  of  tilt  for  15  and 

80  meter  wavelengths  for  dry  (e  =  3,  y  -  0.0005)  and 

damp  (e  =  25,  v  =  0.01 )  soil.1"  V 

r  v 


Figure  IX.3.13*  Dependence  of  the  argument  for  the  reflection  factor 

for  a  normatly  polarized  beam  on  the  angle  of  tilt  for  15 
and  80  meter  wavelengths  for  dry  (e  =  3,  Y  =  0.0005)  and 
damp  (er  =  25,  Yv  =  0.01 )  soil.  '  V 

When  the  radiation  patterns  for  ideally  conducting  ground  and  real  ground 
are  compared  we  see  that  field  strength  maxima  decrease  because  of  the 
reduction  in  conductivity,  and  that  the  values  of  the  minima  increase. 

Curve  1  in  Figure  IX.3.14  shows  the  dependence  of  tilt  angles  for  the 
maximum  beam  of  the  first  lobe  (read  from  the  direction  £  =  0)  on  the  ratio 
H/A. 

Plotted  in  this  same  figure  are  the  tilt  angles  for  beams  the  intensity 
of  which  (power)  is  less  than  that  of  the  maximum  beat.  For  example,  the 
curves  designated  by  the  figure  0.3  show  the  valies  for  angle  &  cor- 
rtsponding  to  beams  the  intensity  of  which  is  0.9  the  intensity  in  the 
direction  of  maximum  radiation.  All  curves  were  plotted  applicable  to  the 
first  lobe  of  the  pattern. 

The  curves  in  Figure  IX.3.14  were  plotted  for  ideally  conducting  ground. 

•  #IX.4/?  Radiation  Pattern  in  the  Hor?  jontal  Plane 

Formulas  (IX. 2.1)  and  (IX. 2. 2)  are  used  to  compute  the  radiation  patterns 
in  the  horizontal  plane  for  specified  value  of  angle  &.  Formula  (V.5.16) 
can  be  used  in  -the  case  of  ideally  conducting  ground,  substituting  y  =  ia  into 


o  o.i  o,:o,o  otr  or s  0,6  o,7  c.a  o,s  ifi  y  <,?.  1,3  /,*  tjs  tfi  n  ifi  t,s  i,o  X 


Figure  XX. 3.14.  Dependence  of  the  angles  of  tilt  of  the  beam  of  the 
first  looe  of  the  radiation  pattern  in  the  vertical 
plane  of  a  VG  antenna  on  suspension  height: 

1  -  curve  for  tilt  angles  for  maximum  beam;  0.9;  0.75; 

...;  0.25  -  curves  for  angles  of  tilt  of  beams,  the  intensity 
of  which  is  0.9;  0.75;  ...  0.25  on  intensity  of  maximum 
beam  (with  respect  to  power) ;  0  -  boundary  of  first  lobe. 


it.  The  relationship  between  the  field  strength  in  the  specified  direction 
and  the  field  strength  in  the  direction  of  maximum  radiation  can  be  expressed 
through 

e/e  =  a  rJglL.  (ix.4.1) 

max  y  mu’ v  +  coi1  y>  sin’ A, 

where 

A  is  a  factor  which  does  not  depend  on  cp. 

The  radiation  pattern  for  very  small  angles  A  is  of  particular  in¬ 
terest  because  it  can  be  checked  experimentally  very  readily  by  measuring 
the  field  intensity  at  ground  level.  When  A  *4  0 

E/E  =  li  --  -C0S — al- .  (IX. 4. 2) 

max  siny 

Here  B  is  a  constant  not  dependent  on  angle  cp.  From  formula  (V.5»ib) 

B  should  equal  zero  when  A  =  0.  However,  this  is  the  result  of  an  in¬ 
accuracy  in  the  geometric  optics  method  used  to  derive  the  formula.  More 
precise  analysis  reveals  that  B  /  0. 

Figure  IX.4.1  shows  a  series  of  radiation  patterns  in  the  horizontal 
plane  when  A  =  0  and  various  values  for  \/\. 
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Figure  IX.4.1.  Radiation  pattern  in  the  horizontal  plane 
for  a  VG  antenna  when  A  =  0  for  various 
values  of  1 . 

Vertical :  E/E 

max 

Figures  IX. 4. 2  -  IX. 4. 9  show  a  series  of  radiation  patterns  of  a 
balanced  dipole  in  the  horizontal  plane,  computed  for  definite  values  of 
the  ratio  i/X  and  various  values  of  angle  of  tilt  A- 

As  will  be  seen  from  the  curves  in  figures  IX.4.1  -  IX. 4. 9,  the  balanced 
dipole  has  maximum  radiation  in  a  direction  normal  to  its  axis  for  values 
of  l/x,  lying  within  the  limits  from  0  to  ~  0.7,  that  is,  from  the  longest 
waves  to  wavelengths  on  the  order  of  1.4  t.  Radiation  in  this  direction  be¬ 
gins  to  diminish  very  quickly  upon  further  shortening  of  waves. 


WMummuum 

illlliliii 
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Figure  IX.4.2.  Radiation  patterns 
in  the  horizontal  plane  for  a  VG 
antenna  for  various  angles  of  tilt 
A;  l  <  X. 
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Figure  IX. 4.3.  Radiation  patterns 
in  the  horizontal  plane  for  a  VG 
antenna  for  various  angles  of  tilt 
A;  l  =  0.25  X. 


Thera  is  no  radiation  iri  the  direction  normal  to  the  axis  when  the  wavelength 
is  equal  to  t .  Practically  speaking,  however,  there  will  be  some  radiation 
in  the  direction  cp  =  90°  on  this  wavelength,  the  result  of  attenuation  of  the 
current  llowing  in  the  dipole's  conductors. 

What  follows  from  figures  IX.4.1  -  IX. 4. 9  is  that  the  larger  angle  A, 
the  less  defined  will  be  the  directional  properties  obtained  for  the  antennas 
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#IX.5.  Kadiation  Resistance 

Formula  (V. 12.18)  is  used  to  find  the  radiation  resistance  of  a  balanced 
dipole  in  free  space.  It  yields  the  radiation  resi stance  relative  to  a' 
current  loop  arid  is  deduced  without  the  effect  of  the  ground  being  taken 
into  consideration.  When  suspension  heights  are  on  the  order  of  \/k  and 
more  the  influence  of  the  ground  on  the  radiation  resistance  can  bo  com™ 
puted  approximately  if  the  ideal  conductivity  of  the  ground  is  assumed,  for 
this  assumption  makes  it  possible  to  replace  the  ground  by  the  mirier  image 
of  the  dipole.  V.  S.  Knyazev  (see  the  footnote  to  #Y.l6,  p.136)  analyzed 
the  effect  of  the  real  ground  on  the  radiation  resistance  of  the  dipole. 

In  the  case  of  ideal  ground  conductivity  the  mirror  image  is  a  radiator 
wholly  similar  to  the  balanced  dipole,  but  passing  current  shifted  )8o°  in 
phase  with  respect  to  dipole  current.  Thus,  radiation  resistance  can  be  com¬ 
puted  through  the  formule 


*11  "  *il  ’ 


(IX.5.1 > 


which  takes  the  effect  of  the  ground  into  consideration,  and  in  which 

is  the  dipole's  own  radiation  resistance  computed  through  formula 
(V.12,18),  and 

Rj^  is  the  mutual  radiation  resistance  of  two  dipoles  positioned  at 
distance  2H. 

Rj^  can  be  computed  through  formula  (V. 12.15),  or  from  the  curves  in  the 
Handbook  Section. 

Figure  IX. 5.1  is  a  curvo  computed  to  show  the  dependence  of  radiacion 
resistance  of  a  balanced  dipole  with  arm  length  t  =  X/4  on  suspension  height. 
The  curve  was  computed  by  the  approximation  method  pointed  out  here. 


Figure  IX. 5.1.  Dependence  of  radiation  resistance  of  a  half-wave 

dipole  on  the  H/x  ratio  (H  is  the  dipole  suspension 
height). 
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V.  V.  Tat<\rinov's  experimental  data  on  the  resistive  component  of  the 
input  impedance  of  tne  dipole  were  used  to  plot  the  points  on  this  curve. 

As  will  be  seen  from  Figure  IX. 5.1,  when  H/\  >  0.23  the  experimental 
values  for  pure  resistance  and  the  values  for  radiation  resistance,  com¬ 
pute'.  through  formula  (1X.5.1),  agree  well.  Whe..  suspension  heights  are  low 
the  experimental  values  of  the  pure  resistance  are  considerably  in  excess 
of  the  computed  values  for  radiation  resistance.  Non-coincidence  of  ex¬ 
perimental  and  theoretical  curves  can  be  explained  by  the  losses  to  ground, 
as  well  as  by  the  divergence  between  actual  and  computed  values  for  radiation 
resistance  caused  by  the  finite  conductivity  of  the  ground. 

Figures  V.S.la  and  b  show  the  curves  for  dipole  radiation  resistance 
equated  to  a  current  loop  and  computed  without  considering  ground  effect 

'  V- 


#TX.6.  Input  Impedance 

Formula  (V.10.2)  can  be  used  to  calculate  the  input  impedance  of  a 
balanced  dipole,  the  influence  of  the  ground  not  considered, 

sh 2J / —  sin 2» l  ~  sl)2?/  +  sin2*/ 

Z .  =  up  _ S _ |  ip _ 1 _ ; _ 

ln  ch  2a  /  —  cos  2a  l  ch  2?  t  —  cos  2  « l 


The  attenuation  factor,  0,  can  be  calculated  through  the  following 
formula,  which  stems  from  formula  (V.10.8) 


'(-Tt) 


(IX.6.1) 


Approximate  formula  (V.10.9) 


Z. 

in 


** 

sin*  aj 


iiFctg  «/. 


can  be  used  to  calculate  Z.  for  values  of  l/\  between  0  and  0.35  and  from 

in 

0.65  to  0.85. 

Formula  (V.10.3) 

where  d  is  dipole  conductor  diameter,  can  be  used  to  make  ar.  approximate 

calculation  of  characteristic  impedance  of  a  single-conductor  dipole. 

The  influence  of  the  ground  on  characteristic  impedance  can  be  ignored 

/ 

for  real  suspension  heights.  Formula  (V.18.2)  can  be  used  in  case  of  need 
to.  make  an  approximate  calculation  of  the  ground  effect  on  characteristic 
impedance. 

Analysis  of  formula  (V.10.2)  demonstrates  that  the  input  impedance  curve 
will  pass  through  a  maximum  for  l  as  a  multiple  of  \/2.  Here  the  input 
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impedance  has  only  the  effective  component,  and  equals 

R  =  W2/fl_  .  (IX. 6. 2) 

max  S 

When  l  equals  an  odd  number  for  \/4  the  input  impedance  passes  through 
a  minimum  ana  it  too  has  only  the  effective  component,  equal  to 

R  .  =  Rv.  Cix.o.3) 

min  X 

A  comparison  cf  formulas  (IX. 6. 2)  and  (IX. 6. 3)  reveals  that  the 
dependence  of  tho  input  impedance  on  l/X  will  bo  less  the  smaller  W. 

Moreover,  what  also  follows  from  formulae  (V.10.2)  and  (V.10.9)  is 
that  with  a  reduction  in  W  comes  a  reduction  in  the  absolute  value  of  the 
reactive  component  of  the  input  impedance  for  all  values  of  the  ratio  i/X« 

Figures  IX. 6.1  and  IX.6. 2  provide  a  series  of  curves  which  characterize 
the  dependence  of  the  resistive,  R.^,  and  reactive,  X^,  components  of  Z^ 
on  the  ratio  l/\. 

It  has  already  been  pointed  out  (Chapter  V,  #12),  that  the  effect  of 

the  distributed  induced  erafs  is  to  reduce  the  phase  velocity  of  propagation 

along  the  dipole  conductor.  There  is  some  corresponding  increase  in  <*,  and- 

the  curves  for  R.  and  X.  shift  in  the  direction  of  lesser  values  of  t/x. 
in  in 

Change  in  the  phase  velocity  can  also  occur  as  a  result  of  the  secondary 
field  established  by  currents  flowing  in  the  ground. 

The  influence  of  the  capacitance  of  the  ends  of  the  dipole  arms,  as 
well  as  tne  influence  of  insulator  capacitance,  is  maniiested  by  a  signi¬ 
ficant  distortion  in  dipole  current  distribution  and  a  corresponding  de¬ 
formation  of  input  impedance  curves.  The  lower  the  characteristic  impedance 
the  greater  tne  distortion  of  the  input  impedance  curves  as  compared  with 
the  curves  snown  in  figures  IX. 6.1  and  IX. 6. 2.  The  shift  to  lesser  values 
of  l/X  is  a  characteristic  feature  of  the  effective  curves  for  the  input 
impedance  as  compared  to  the  calculated  curves,  &3  has  already  been  pointed 
out.  This  shift  differs  with  different  t/X  ratios,  however.  The  shift 
is  particularly  marked  when  the  l/X  values  are  close  to  0.5*  For  example, 
in  practice  maximum  R^  does  not  occur  when  */X  =  0.5,  but  when 
l/X  0.46  if  W  equals  700  to  1000  ohms,  when  t/x  ta  0.42  if  W  equals  400 
to  500  ohms,  and  when  t/X  cs  0.4  if  W  equals  200  to  300  ohms. 

Ultrashort-Wave  Antennas  (Svyaz1 izdat,  1957) ,  Chapter  XIII,  #2, 
contains  detailed  data  dealing  with  effective  input  impedance  curves. 
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tie  input  impedance  of  the  VG  antenna  on 
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#IX.7.  Dircctivo  Gain,  1),  and  Antenna  Cain  Factor,  e 

We  have  already  explained  that  directive  gain  has  the  following  ex¬ 
pression  [formula  (VI. 1.10)3 


where 


n_  120F>(A.?) 
- - 5  • 


f(A,  <?)^- 


GO/ 


Let  us  find  the  value  of  D  for  the  vertical  plane  passing  through  the 
center  of  the  dipole,  and  normal  to  its  'axis. 

Let  us  substitute  the  value  of  F(A,cp)  from  formula  (IX.3.1)  in  formula 
(VI. 1.10),  whereupon 

D  "  120  I1  +l*x  !*+21«1|cos  («l*A— 2»//sinA)].  (Ix.7.i) 


Formula  (IX.7.1)  will  become 

/)  =  — ~  (1 — cos  a/)4  sin*  (a //sin  A). 

.  **  '  (IX.7.2) 

for  ground  with  infinite  conductivity. 

Formula 

rv  480  y  * 

°  (IX.7.3) 

establishes  the  efficiency  in  the  direction  of  maximum  radiation  in  the 
case  of  ideally  conducting  ground. 

The  gain  factor  is  estab3 i^ed  by  the  relationship  at  (VI. 3. 4) 

c  =  DT/1.64  , 

where 

7]  is  the  efficiency,  equal  to 


i  -  W  V.»  (IX-7-4> 

where 

^loss  tlle  *oss  resistance,  equated  to  a  current  loop. 

R_  consists  of  losses  attributable  to  the  ground,  antenna  conductors 
loss  ’ 

and  insulators  used  to  suspend  the  antenna,  as  well  as  to  other  dielectrics 
ii  they  are  close  to  the  antenna.  The  cab)e3  supporting  the  antenna  can 
also  be  a  source  of  loss.  All  losses  other  than  ground  losses  can  be  ignored 
if  the  antenna  is  properly  made,  and  if  the  antenna  is  on  the  order  of  0.2 
to  0.25  X  above  the  ground,  or  higher,  losses  attributable  to  the  ground  are 
not  high  either.  Accordingly,  when  calculating  the  gain  factor  we  can  take 
1)  equal  to  unity,  and  make  the  calculation  through  the  formula 


RA-OO3-60 


€  =  D/l.64. 


(IX.7.5) 
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Figure  IX. 7.1.  Dependence  of  the  gain  factor  (e)  and  directive  gain 
(D)  in  the  direction  of  maximum  radiation  by  a  VG 
antenna  on  the  l/\  ratio. 


Figure  IX. 7. I  shows  the  curves  providing  the  dependence  of  the  gain 
factor  and  directive  gain  on  l/X.  The  curves  were  calculated  assuming 
ground  with  infinitely  great  conductivity.  The  influence  of  the  ground  on 
the  radiation  resistance  was  not  taken  into  consideration. 

As  will  be  seen  from  these  curves  the  gain  factor  increases  initially 
with  increase  in  l/X,  and  maxima  for  gain  factor  and  directive  gain  occur 
when  t/X  =  0.63.  But  further  increase  in  l/X  results  in  a  sharp  drop  in 
the  gain  factor,  and  this  must  be  taken  into  consideration  when  establishing 
the  dipole's  working  wave  band. 

The  curves  for  the  dependence  of  e  and  D  on  l/X,  like  the  input  im¬ 
pedance  curves,  actually  shift  womewhat  to  the  lesser  values  of  t/X  and 
this  too  must  be  taken  into  consideration  in  antenna  design.  For  example, 
the  maximum  gain  is  actually  obtained  when  the  t/X  ratio  is  5  to  20%  less 
than  theoretical. 

The  curves  in  figures  IX. 3. 1  -  IX. 3. 11  can  be  used  to  establish  e  for 
real  ground,  remembering  that  the  gain  factor  is  proportional  to  the  square 
of  the  field  strength. 

Example  1.  Establish  the  gain  factor  in  the  direction  of  maximum  radia 
tion  when  l/X  *  0.4;  H/x  3  0.5,  and  the  soil  is  dry. 

Using  the  curve  in  Figure  IX. 7.1,  we  can  establish  the  fact  that  for 
ideally  conducting  ground  and  l/X  =  0.4,  e  «  4.9*  From  the  curve  in 
Figure  (X.3.6  we  can  establish  the  fact  that  in  the  direction  of  maximum 
radiation  the  ratio  of  field  strength  and  dry  soil  to  field  strength  when 

y  •  *  equals  0.78.  The  gain  factor  in  the  direction  of  maximum  radiation 

^  2 
and  dry  soil  equals  e  3  (0.78)  *  4.9  ^  3. 
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The  formula 

/  >+1*1. 1  V 

eeff  *  *  \"  2  ~~ )  ’  .(IXf?‘6) 

where 

I Rxl  is  the  modulus  of  the  reflection  factor  for  a  specified  angle  of 
tilt,  and  can  be  used  to  make  an  approximate  calculation  of  the  reduction 
in  the  gain  factor  in  the  direction  of  maximum  radiation  for  any  wave  in 
the  care  of  real  ground. 

What  fol.’ows  from  the  data  concerning  the  magnitude  of  |r  |  graphed  in 
Figure  IX. .3. 12,  is  that  when  the  soil  is  dry  the  gain  factor  can  be  reduced 
by  a  factor  of  from  1.1  to  2,  depending  on  the  direction  of  maximum 
radiation. 

Using  the  series  of  radiation  patterns  in  the  vertical  plane  we  can 
establish  e  and  D  for  any  value  of  d.  The  reduction  in  e  and  D  for  a 
direction  other  than  that  of  maximum  radiation  is  proportional  to  the  re- 

O  r, 

duction  in  the  E“/E“  ratio. 

max 

#IX.8.  Maximum  Field  Strength  and  Maximum  Permissible  Power  for 
A  Balanced  Dipole _ _ 

The  maximum  permissible  antenna  power  for  proper  selection  of  insulation 
can  be  established  by  the  dielectric  strength  of  the  air  surrounding  the 
antenna  (see  Chapter  VIII).  There  is  danger  of  torch  emanation  if  the  electric 
field  strength  at  the  surface  of  the  antenna  conductors  should  exceed  some 
predetermined  magnitude.  As  in  the  case  of  feeders,  we  can  take  the 
maximum  permissible  amplitude  of  the  fiold  strength  to  be  on  the  order  of 
6000  to  8000  volts/cm  for  .telegraph  transmission,  or  for  FM  telephone  trans¬ 
mission.  If  necessary,  the  peak  amplitude  of  the  field  strength  can  go  to 
10000  to  11000  volts/cm  in  the  case  of  AM  telephone  transmission.  In 
accordance  with  (1.13-9) ,  and  considering  the  balanced  dipole  as  a  unique 
two-wire  line,  we  obtain  the  following  expression  for  maximum  field  strength 
at  the  dipole  surface 


E  =  120U/ndW,  (IX. 8.1) 

max  ’ 

where 

n  is  the  number  of  conductors  i?i  each  arm  of  the  dipole; 
d  is  the  diameter  of  the  conductors  used  in  the  dipole,  cm; 

W  is  the  dipole's  characteristic  impedance,  ohms; 

U  is  the  voltage  across  symmetrical  points  on  both  arms  of  the 
dipoles,  volts. 

The  field  around  the  antenna  is  not  a  potential  field.  A  field  is 
called  a  potential  field  if  the  voltage  drop  across  twd  arbitrary  points 
does  not  depend  on  the  path  over  which  movement  occurs  from  one  point  to 
the  other.  Practically  speaking,  this  only  occurs  when  antenna  dimensions 
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are  small  compared  with  the  wavelength.  In  the  case  of  the  balanced  di¬ 
pole,  which  Aas  a  length  commensurate  with  the  wavelength,  the  voltage 
drop  depends  on  the  path.  Specifically,  the  voltage  drop  across  twc 
symmetrically  located  points  on  the  two  arms  of  the  dipole  depends  on 
the  path  over  which'- the  drop  is  established.  For  example,  the  voltage 
drop  along  path  r^  (x'ig.  IX. 8. l)  generally  speaking,  differs  from  the 
voltage  drop  along  path  r0.  In  view  of  what  has  been  said,  then,  the 
magnitude  of  11  is  non-uniform  for  the  dipole. 

Novel theless,  formula  (IX. 8. l)  can  le  used  to  establish  1C  in  de¬ 
max 

signing  an  antenna,  because  the  practical  aspect-  are  satisfied. 

This  is  so  because  in  the  direct  proximity  of  the  conductors  the 
dipole's  field  structure  does  not  differ  significantly  from  the  field 
structure  near  the  conductors  of  a  conventional  twin  line  with  small  spacing 

V  • 

between  conductors,  the  field  of  which  can  be  taken  to  be  a'  potential  field. 
Therefore,  in  establishing  E,  we  can,  as  we  did  in  a  numbef  of  other  cases, 
use  the  representation  of  an  equivalent  twin  line  and  assume  U  to  be  the 
voltage  across  the  conductors  of  this  equivalent  line.  We  will  call  this 
voltage  the  equivalent  voltage,  and  its  distribution  along  the  line  can 
be  established  through  the  formulas  cited  in  Chapter  I,  #6.  The  maximum 
equivalent  voltage  can  be  obtained  at  thrs  end  of  the  line,  that  is,  at  the 
ends  of  the  dipole  arms  and  at  the  line  input,  if  the  l/X  ratio  is  close  to 

0.5. 

The  equivalent  voltage  across  the  end  of  the  line  eouals 


U  =  U.  /ch  yl 
end  in 


(IX. 8. 2) 


The  effective  voltage  across  the  input,  U.  ,  is  found  through 

m 


U.  =  Z. 
in  xn 


■yivT 


(XX.8.3) 


where 

P  is  the  input  power  to  the  dipole. 

The  effective  value  of  the  field  strength  at  the  end  of  the  dipole  can 
be  found  through 


E  =  1208  ,/ndW . 
end  end 


(IX. 8. 4) 


The  effective  value  of  the  field  strength  at  the  dipole  input  can  be 
found  through 

E.  =  120U.  /ndW  .  (IX. 8. 5) 

in  m 


Substituting  the  U.  for  U  and  P  and  2.  for-'U.  in  (IX. 8. 4)  and 
m  end  m  m 


converting, 


120 


V-k 


end 


nd  y  ,-uupl cos  a  1)’  -f-  (ch ?!  sin  1 


(IX. 8. 6) 
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Ve  can  take  y  =  i<y  for  l/X  values  less  than  0.35,  a s  wel)  as  for  t/x 
values  between  0.65  and  0.85,  whereupon  (IX. 8. 6)  will  becc.ne 


i  l  P 

“1  s 


120 


end 


r..i  sin  a  l 


>o—  ~ 


Vi 


nd 


(IX. 8. 7) 


Figures  IX. 8. 2  and  IX. 8. 3  show  the  dependencies  of  U.  and  U  on 

in  end 

the  i/x  ratio  for  various  values  of  V  and  input  power  of  1  kw.  By  suing 

these  curves  and  formulas  (IX. 8. 4)  and  (IX.8.5)  we  can  find  E  and  E  for 

end  in 

specified  values  of  n  and  d. 


/ — \ 
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Figure  IX. 8.1.  Determination  of  the  voltage  across  two 
points  on  a  dipole. 

F  -  zero  potential  plane. 


Figure  IX. 8. 2.  Dependence  of  input 
voltage  (effective  value)  across  a 
VG  antenna  on  the  l/x  ratio  for  in¬ 
put  P  =  1  kw. 

Vertical :  U.  ,  volts, 
in’ 


Figure  IX. 8. 3.  Dependence  of  ti.e 
effective  equivalent  voltage  across 
the  ends  of  the  dipole  of  a  VG  antenna 
on  the  l/x  ratio  for  input  P  =  1  kw. 

Vertical:  U  ,  volts, 
end 


Figure  IX.8.4  graphs  the  values  of  E  and  E.  when  P  =  1  kw.  compued 

end  in 

for  two  characteristic  versions  of  balanced  dipoles. 

The  values  for  E^^  and  Uend  graphed  in  figures  IX. 8. 2  -  IX.8.4  must  be 
multiplied  by  ~/pj  with  P  the  input  in  kilowatts,  to  obtain  values  for  E 

end 

snd  Uend  when  the  input  differs  from  1  kw. 
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Figure  IX. 8. 4.  Dependence  of  the  effective  value  of  the  field 

strength  at  the  input  (E^)  and  at  the  end  (Een(j) 

of  a  dipole  on  the  t/X  ratio  for  input  P  =  1  kw. 

Vertical:  E.  ;  E  volts/cm. 
in  end 

What  follows  from  Figure  IX. 8. 4,  and  talcing  the  remarks  contained  in 
#VIII.2  into  consideration,  is  that  the  multiple-tuned  dipole  with  character¬ 
istic  impedance  W  =  340  ohms  used  in  the  wave  band  between  X  =  3  to  4  1  and 
X  -  1.7  1  can  accommodate  up  to  300  lew  in  the  case  of  telegraphy  operations 
and  half  that  in  the  case  of  AM  telephony. 

The  multiple-tuned  shunt  dipole,  the  operating  wavelength  of  which  be¬ 
gins  with  X  =  6  l,  can  accommodate  a  maximum  of  100  kw  in  the  case  of  tele¬ 
graphic  transmission  and  50  kw  in  the  case  of  telephony  for  the  n  and  d 
values  indicated  in  Figure  IX. 8. 4.  Either  n  or  d  must  be  increased  corresponding¬ 
ly  to  increased  accommodated  power. 

#IX.9«  Use  Band 

The  band  in  wh'th  the  balanced  dipole  can  be  used  is  determined  primarily 
by  its  directional  properties  in  the  horizontal  plane.  The  patterns  for  the 
balanced  dipole  (figs.  IX. 4.1  -  IX. 4. 9)  show  that  the  direction  of  maximum 
radiation  remains  the  normal  to  the  axis  of  the  dipole  for  waves  longer  than 
~1.4  t. 

So  from  the  point  of  view  of  the  directional  properties  in  the  horizontal 
plane  the  same  dipole  can  be  used  for  communications  in  a  specified  direction 
on  any  wave  longer  than  1.4  l. 

The  second  factor  which  establishes  the  band  in  which  the  I  ..lanced 
dipole  can  be  used  is  the  possibility  of  matching  its  input  impedance  to 
the  characteristic  impedance  of  the  supply  feeder.  This  possibility  is 
established  by  the  natural  traveling  wave  ratio  for  the  feeder,  understood 
to  mean  the  traveling  wave  ratio  when  there  are  no  tuning  devices  in  the 
line.  But  one  must  distinguish  between  working  a  fixed  wavelength  and  working 
a  broad,  continuous  band  of  frequencies. 


i  \ 


(  i 


o 


HA -008-68 


209 


An  inductive  stub,  or  some  other  method  (see  Chapter  XX)  can  be  used  to 
match  the  dipole's  input  impedance  and  the  feeder's  characteristic  impedance 
when  iterating  on  a  fixed  wavelength.  A  good  match  can  be  made  for  any 
value  of  t/X •  However,  in  practice  tuning  is  unstable  when  the  natural 
traveling  wave  ratio  for  the  feeder  is  small.  The  antenna  input  impedance 
changes  somewhat  with  changes  in  the  weather,  so  when  the  natural  traveling 
wave  ratio  is  low  the  match  made  by  the  inductive  stub,  or  by  some  other 
method,  is  upset. 


V  °.i  0.3  o, 4  OJS  Ofi  0.7 


Figure  IX. 9.1.  Dependence  of  the  natural  traveling  wave  ratio 

for  a  supply  feeder  on  the  l/A  ratio;  =  600  ohms. 

It  can  be  taken  that  the  minimum  natural  traveling  wave  ratio  at  which 
the  balanced  dipole  can  be  tuned  so  that  changes  in  the  weather  will  not  de¬ 
tune  is  0.1  to  0.15.  Figuresl IX.9.1  and  IX. 9. 2  show  calculated  curves  for 
the  dependence  of  the  natural  traveling  wave  ratio,  k,  on  t/X  for  various 

values  of  W  and  W_. 

d  r 

The  traveling  wave  ratio,  k,  is  calculated  through 


l  +  IPl  * 


(IX.9.1) 


|p|  is  the  modulus  of  the  reflection  factor,  calculated  through 
(see  #1.4. ) 


"\  (R.  -  VU2  +  X2 

I _  \ /  in  F  in 

'p'\1Tr.  TVIJZ  V  X-r  ’ 
y  in  F  in 


(IX. 9.2) 


where 


Wp.  is  the  characteristic  impedance  of  the  feeder. 
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Figure  IX. 9.2.  Dependence  of  the  natural  traveling  wave  ratio 

for  a  supply  feeder  on  the  t/X  ratio; 

W  <*  350  ohms, 
r 

As  will  be  seen  from  the  curves  in  figures  IX. 9.1  and  IX. 9. 2,  the  natural 
traveling  wave  ratio  will  become  less  than  the  minimum  indicated  when  the 

relationship  is  l/x  <  0.2  to  0.25. 

Thus,  operation  can  take  place  on  any  wavelength,  beginning  at  4  to 
51  and  shorter,  when  fixed  wavelengths  are  used,  at  least  from  the  point  of 
view  of  providing  for  a  stable  match. 

The  dipoles  with  reduced  characteristic  impedances  described  in  what 
follows  can  be  used  when  operating  on  a  broad,  continuous  band  of  frequencies. 
These  dipoles  have  a  satisfactory  match  with  feeder  characteristic  impedance 
over  an  extremely  broad  band.  As  a  practical  matter,  that  match  for  which 
the  traveling  wave  ratio  is  at  least  0.3  to  0.5  can  be  taken  to  be  satis¬ 
factory.  This  match  can  be  provided  on  wavelengths  on  the  order  to  3  to 
4t  and  shorter,  depending  on  W  .  Satisfactory  match  is  obtained  up  to 
~6  1  when  the  multiple-tuned  shunt  dipole  is  used. 

These  considerations  with  respect  to  the  use  band  for  the  balanced  dipole 
make  it  possible  to  draw  the  following  conclusions.  So  far  as  providing 
for  maximum  radiation  in  the  direction  normal  to  the  dipole  axis  is  concerned, 
the  minimum  permissible  wave  length  equals  1.4  to  1.5  t.  Practically 
speaking,  this  value  must  be  increased  somewhat,  considering  the  relative 
shift  in  the  curves  for  e  =  f(l/X)  toward  the  lesser  values  of  t/X»  a*  we 
indicated  above.  When  the  dipole's  characteristic  impedance  is  on  the  order 
of  1000  ohms  we  must  limit  ourselves  to  wavelengths  equal  to  1.5  to  1.6  t,  and 
when  on  the  order  of  300  ohms  to  those  equal  to  1.7  to  1.8  l.  The  requirement 
that  a  suitable  match  be  made  between  dipole  and  feeder  will  not  permit  us 
.  to  operate  on  wavelengths  longer  than  3  to  6  I. 

An  additional  factor,  and  'an  extremely  important  one,  limiting  the  use 
band  is  the  need  to  provide  intensive  radiation  at  predetermined  angles  to 
the  horizontal  plane.  This  limitation  will  depend  on  main  line  operating 
conditions. 
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The  use  band  can  also  be  limited  by  the  maximum  field  strength  produced 
by  the  antenna  (see  #8  in  this  chapter)  when  operating  at  high  powers. 

#IX.10.  Design  Formulation  and  the  Supply  for  a  Dipole  Made  of  a 
Single  Thin  Conductor _  _ 

The  balanced  dipole  can  be  a  single  wire  (fig.  IX.10.1)  when  used  for 
a  fixed  wavelength.  The  characteristic  impedance  can  be  calculated  through 
formula  (V.10.3). 

The  dipole  is  made  of  hard-drawn  bronze  or  bimetallic  wire.  Diameter  is 
based  on  considerations  of  mechanical  and  electrical  strength  and  is  usually 
between  3  and  6  mm. 

Characteristic  impedance  is  on  the  order  of  1000  ohms. 

If  permissible  field  strength  is  taken  as  >8  kv/cm,  the  curves  in  Figure 
IX. 8. 2  and  IX. 8.3  will  show  this  dipole  capable  of  accommodating  50  to  70  kw. 
If  the  transmitter  produces  more  power  than  thir  a  .dipole  with  less  character¬ 
istic  impedance  will  have  to  be  used. 

The  insulators  used  in  the  center  and  at  the  ends  of  the  dipole  should 
be  as  low  in  capacitance  as  possible  to  avoid  hetivy  losses  in  the  insulators 
which  cause  a  det  arioration  in  the  natural  traveling  wave  ratio.  The  use  of 
stick  insulators  is  desirable. 

Additional  insulators  must  be  inserted  in  the  cables  supporting  the 
dipole  in  order  to  avoid  high  induction  currents,  and  should  be  installed 
2  to  3  meters  from  the  ends  of  the  dipole.  Based  on  this,  the  distance  bet¬ 
ween  supports  should  be  at  least  2f  ,+  (5  to  6)  meters-. 


K  /tepedamvmty 

Figure  IX.10.1.  Schematic  diagram  of  a  VG  antenna  made  of  a 
single  thin  conductor. 

A  -  stick  insulators;  B  -  to  transmitter. 

The  balanced  dipole  is  usually  suspended  on  wooden  supports.  It  is 
desirable  to  insert  insulators  in  the  guys  in  such  a  way  that  segments  are 
no  longer  than  l/4  (X  is  the  working  length  of  the  dipole). 

Suspension  height  must  be  selected  so  direction  of  maximum  radiation  and 
angles  of  beam  tilt  at  the  reception  site  match. 

A  two-wire  transmission  line  with  a  characteristic  impedance  on  the  order 
of  600  ohms  is  usually  used  to  feed  a  balanced  dipole. 
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Chapter  XX  describes  the  methods  used  to  tune  a  transmission  line  to 
the  travel  ini)  wave  mode. 

#IX.ll.  Design  Formulation  and  the  Supply  for  a  Dipole  with  Reduced 
Characteristic  Impedance.  The  Nadenenko  Dipole. 

Balanced  dipoles  designed  for  broad  band  use  are  made  with  reduced 
characteristic  impedance.  Recourse  is  also  had  to  reduction  in  characteristic 
impedance  when  high  power  is  applied  to  the  dipole. 

The  reduction  in  characteristic  impedance  is  usually  arrived  at  by 
making  the  balanced  dipole  from  a  series  of  conductors  positioned  around  the 
generator  of  a  cylinder  (fig.  IX.ll.l).  This  type  of  dipole  was  first 
suggested  by  S.  I.  Nadenenko  and  is  known  as  the  Nadenenko  (VGD)  dipole. 


Figure  IX.ll.l.  Schematic  diagram  of  the  VGD  [Nadenenko]  antenra; 
“3  to  5  meters;  t2  =  1  meter. 

A  -  insulators;  B  -  ring;  C  -  section  through  A. 


The  characteristic  impedance  of  this  dipole  is  calculated  through 


where 


W  =  120  (In  —  --  -  1), 

*eq 


(IX.ll.l) 


t  is  the  length  of  one  dipole  arm; 

p  is  the  dipole's  equivalent  radius;  that  is,  the  radius  of  a  dipole 
eq 

made  of  an  unbroken  length  of  tubing  with  the  same  characteristic  im¬ 
pedance  as  that  of  the  particular  dipole;  p  can  be  calculated 

eQ 

through 


P 


eq 


(IX.11.2) 


where 


n  is  the  number  of  conductors  u?.ed  in  the  dipale; 
r  is  the  radius  of  dipole  conductors; 

p  is  the  radius  of  the  cylindrical  surface  of  the  dipole, 
p  is  usually  taken  as  equal  to  0.5  to  0.75  meters,  the  number  of  con¬ 
ductors  n  «  6  to  8.  The  characteristic  impedance  of  the  antenna  is  on  the 
order  of  250  to  4 00  ohms  (figs.  IX.11.2  and  IX.  11.3). 

Figure  XX. 11. 4  shows  the  curves  for  the  dependence  of  p^  on  p  for 
various  values  of  n  (4,  6,  and  8)  and  conductor  radius  r  «  1 .5  mm.  Approximate 
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values  of 
r. 


eq 


can  also  be  obtained  for  other  practically  possible  values  of 


As  will  be  seen  from  the  curves  in  'figures  IX. 9*1  and  IX. 9. 2,  k  is 
considerably  increased  when  a  dipole  with  reduced  characteristic  impedance 
is  used.  The  best  match  with  the  transmission  line  occurs  when  ^  300  ohms. 

Steps  should  be  taken  to  reduce  the  distributed  capacitance  near  the 
center  of .the  dipole,  that  is,  near  the  site  where  the  supply  emf  is  brought 
in,  so  a  good  match  between  dipole  and  supply  line  will  be  maintained.  It 
is  at  this  site  that  increased  distributed  capacitance  results  because  of  the 
mutual  effect  of  both  arms  of  the  dipole,  the  result  of  which  is  to  cause  a 
deterioration  in  the  match.  The  reduction  in  distributed  capacitance  can 
be  obtained  by  reducing  radius  p  at  this  site.  The  dipole  conductors 
gradually  converge  as  they  near  the  center,  where  they  are  brought  together 
in  one  bundle  (fig.  IX.ll.l). 


Figure  IX.11.2.  Dependence  of  the  characteristic  impedance  of 
the  VGD  antenna  on  the  t/p  ratio  (p  is  the 

equivalent  radius  of  the  dipcle). 


Figure  IX. 11. 3, 


Dependence  of  the  characteristic  impedance  of  the  VGD 

antenna  on  the  t/p  ratio. 

Meq 


Convergence  should  begin  3  to  5  meters  from  the  center  of  the  dipole. 
All  of  the  foregoing  with  respect  to  insulation  and  supporting  cables 
for  a  dipole  made  of  one  thin  conductor  applies  as  well  to  the  dipole  with 
reduced  characteristic  impedance. 


■ZU- 


It  id  recommended  that  the  VG1)  antenna  mast  guys  be  mode  such  that  none 

of  the  segments  contained  in  the  guys  are  longer  than  \  ,/4  (X  .  is  the 

sn  sn 

shortest  wave  length  in  the  band).  As  a  practical  matter,  it  is  desirable 
to  obtain  the  characteristic  impedance  of  the  feeder  by  making  it  of  four 
conductors  in  the  form  of  a  square  (see  Chapter  XIX).  However,  a  four- 
conductor  feeder  is  a  much  more  complicated  design  than  a  two-conductor 
feeder  and  use  brings  with  it  certain  inconveniences.  It  is  inconvenient, 
in  particular,  to  bring  the  four-conductor  feeder  into  the  space  in  which 
the  transmitter  is  located.  Hence,  a  two-conductor  feeder  is  often  used  to 
feed  a  multiple- tuned  dipole.  And  an  exponential  feeder  transformer,  the 
characteristic  impedance  of  which  can  be  changed  smoothly  from  300  to  600 
ohms  (see  Chapter  XIX),  is  used  to  improve  the  feeder-dipole  match. 


Figure  IX.11.4.  Dependence  of  the  equivalent  radius  of  the  dipole 

on  the  radius  of  the  cylindrical  surface  on  which  the 
conductor  is  located.  Conductor  diameter  2r  =  3  mm. 

Vertical:  n 

eq 

The  feeder  transformer  is  connected  directly  to  the  dipole  input  and  is 
prsitioned  in  part  horizontally,  and  in  part  vertically,  while,  at  the  same 
time  undergoing  reduction.  The  ends  of  the  horizontel  section  are  connected 
to  the  two-conductor  feeder. 

The  general  arrangement  of  the  supply  to  the  balanced  dipole  through 
an  exponential  feeder  transformer  is  shown  in  Figure  IX.11.5*  Transformer 
details  are  contained  in  Chapter  XIX. 

Suspension  hoig-  *  for  the  VGD  antenna  is  soloetod  so  as  to  provido  for 
the  closest  possible  approach  of  angles  of  maximum  radiation  to  angles  of 
tilt  of  the  beams  at  the  reception  site  within  the  band  in  which  the  antenna 
is  -used* 


Figure  IX. 11. 5.  Schematic  diagram  of  how  the  VGD  antenna  is 

designed.  Designations!  H  -  average  suspension 
height  (chosen  in  accordance  with  main  line  length)} 
lj  =  (3  to  5)  meters;  l2s»  1  meter;  D  «  (l  to  1.5) 
meters;  h  =  (2  to  4)  meters;  diameter  of  antenna  con¬ 
ductors  (2  to  4)  mm;  1-1-1  -  exponential  feeder  trans¬ 
former  TF4  300/600  40  for  maximum  wavelength  60  meters 
and  TF4  300/600  60  for  maximum  wavelength  over  60  meters. 

Note  1.  A  reduction  can  be  made  in  VGD  receiving 
antennas  by  a  standard  f our- conductor  feeder  with  a 
characteristic  impedance  of  208  ohms. 

Note  2.  In  VGD  transmitting  antennas  the  vertical 
section  of  the  exponential  feeder  transformer  can 
be  made  of  stranded  conductors  to  facilitate  the  design. 


//IX,  12.  Wideband  Shunt  Dipole 

Dlniiit  (cuiiVeiil itiiioi  Utisiylialluil  VlillBli »  I  p.s:  foUUtl'  widespread 

application  in  recent  years  as  wideband  dipoles. 

The  first  version  of  this  dipole,  suggested  by  the  author,  was  built  of 
rigid  tubing  (fig.  IX.12.1).  As  will  be  seen,  the  dipole  consists  of  two 
symmetrical  arms,  1-5  and  2-6,  shunted  by  stub  3-7-4.  The  arms  're  metal 
tubing  surrounded  by  wires.  Shunt  3-7-4  is  made  of  metal  tubing.  The  dipole 
made  of  rigid  metal  tubing  can  be  secured  in  place  on  a  metal  mat. :  •  ;>r  t^wv", 
without  insulators.  The  author,  together  with  V,  D.  Kuznetsov,  su iequently 
suggested  a  wire  version  of  the  shunt  dipole  suitable  for  suspending  on  two 
supports  like  a  conventional  balanced  dipole. 

Chapter  XII  contains  detailed  information  on  the  construction  and  para¬ 
meters  of  the  rigid  shunt  dipole.  At  this  point  we  will  concern  ourselves 
only  with  the  wire  version. 

Several  versions  of  this  type  of  dipole  were  investigated.  The  recent 
development  of  the  dipole  has  taken  the  form  shown  in  Figure  IX. 12. 2,  from 
which  it  will  be  seen  that  the  arrangement  is  no  different  from  that  used 
when  the  dipole  is  made  of  rigid  tubing.  The  wire-type  dipole  consists  of 
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six  conductors,  with  only  four  of  them  connected  to  the  supply, 
two  are  connected  to  the  main  conductors  at  points  4  and  3« 


The  other 


Figure  IX.12.1.  General  view  of  the  wideband  shunt  dipole. 


i 


1 

I 


Figure  IX. 12. 2. 


Schematic  diagram  of  the  wire-type  shunt  dipole; 

t  .  .  «  t/2. 

shunt 

A  -  section  through  a-a;  B  -  section  through  b-b. 


Section  3-7-4  forms  the  shunt,  and  sections  3-5  and  4-6,  which  are  con¬ 
nected  to  the  four  main  conductors,  form  a  six-conductor  cylindrical  wire- 
type  dipole  comprising  the  two  sections  and  the  sunt  section.  Replacement 
of  the  shunt  dipole  by  an  equivalent  two-wire  line  will  take  the  form  shown 
in  Figure  IX.12.3.  As  will  be  seen,  the  equivalent  circuit  comprises  the 
open-end  line  1-5-2-6,  which  has  two  sections,  1-3  -  2-4  and  3-5  -  4-6 
with  non-identical  characteristic  impedances,  and  the  closed  stub  3-7-4. 
There  is  extensive  distributed  electromagnetic  coupling?  not  shown  in  the 
equivalent  circuit  diagram,  between  shunt  3-7-4  and  line  sections  1-2  -  2-4. 
Because  the  dipole  has  two  branches  (one  open,  one  closed)  conditions  are 
favorable  for  maximum  constancy  of  input  impedance.  This  makes  it  possible 
to  arrive  at  a  close  match  of  dipole  input  impedance  to  transmission  line 
characteristic  impedance  over  a  broad  band  of  frequencies  when  the  proper 
geometric  data  for  the  dipole  are  selected. 
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Figure  XX. 12.3 .  Equivalent  ahunt  dipolo  circuit. 


The  shunt  also  causes  an  increase  in  the  input  impedance,  of  some  ad¬ 
vantage  because  a  feeder  line  with  a  characteristic  impedance  on  the  order 
of  400  to  600  ohms  can  be  used  without  feeder  transformers,  or  other  types 
of  transformers. 

Without  pausing  here  to  calculate  the  input  impedance^  let  us  discuss 
the  results  of  experimental  investigation. 

Figures  IX. 12. 4  and  IX. 12. 5  contain  curves  characteristic  of  the  input 
impedances  and  the  match  with  the  supply  feeder  of  a  shunt  dipole.  As  will 
be  seen,  the  traveling  wave  ratio  is  above  0.3  to  almost  the  quintuple  range. 
It  is  of  particular  importance  that  the  working  range  of  the  shunt  dipole  be 
expanded  to  the  long  wave  side,  that  is  to  the  side  of  small  l/\  ratios,  so 
dipoles  with  arms  of  minimum  length  can  be  used.  The  shunt  dipole  has  a 
satisfactory  match  beginning  at  an  l/\  ratio  equal  to  0.16  to  0.17 •  In  many 
instances  one  shunt  dipole  can  replace  two  conventional  dipoles  with  reduced 
characteristic  impedance. 


Figure  IX.12.4.  Depender.  e  of  the  input  impedance  of  a  wire-type  shunt 
dipole  on  the  X/t  ratio. 

Vertical:  R.  ,  X.  in  ohms.  A  -  R.  J  B  -  X.  . 

in’  in  in  in 


1,  An  analysis  of  the  input  impedance  of  the  shunt  dipole  is  given  in  V.  D. 
Kuznetsov's  article  titled  "Shunt  Dipoles,"  which  appeared  in  Radiotekhnika, 
No.  10,  1955.  ~ 


a 


4 
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unusual  thunderstorm  activity  occurs.  The  conventional  wideband  dipole  cannot 
be  grounded  unless  chokes  are  used.  The  shunt  dipole  can  be  grounded  at 
point  7  (fig.  IX.12.2). 


Figure  IX. 12. 5«  Experimental  curve  for  the  dependence  of  the 

traveling  wave  ratio  on  a  line  with  a  characteristic 
impedance  of  500  ohms  feeding  a  shunt  dipole  on  the 
\/l  ratio. 


Figure  IX. 12. 6  shows  a  general  view  of  a  grounded  wideband  shunt 
dipole. 


Figure  IX. 12. 6.  General  view  of  a  grounded  wideband  shunt  dipole. 

#IX.13.  Balanced  Receiving  Dipoles 

The  balanced  dipole  is  very  widely  used  as  a  receiving  antenna. 

All  of  the  foregoing  data  relative  to  the  electrical  parameters  of  a 
balanced  transmitting  dipole  apply  with  equal  force  to  the  balancod  receiving 
iliiwh-s 

Design-wise  the  balancod  receiving  dipole  is  similar  to  the  transmitting 
As  was  the  case  for  transmission,  it  is  desirable  to  use  dipoles  with  reduced 
charact'ist’c  impedance  (type  VGD  and  VGDSh)  for  reception  in  order  to 
provide  the  best  possible  match  of  dipole  input  impedance  to  supply  feeder 
characteristic  impedance. 


safe  f  i 
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A  standard  four-conductor  feeder  with  a  characteristic  impedance  of 
208  ohms  can  be  used  to  connect  the  dipole  to  the  receiver.  When  the  VGDSh 
dipole  is  used  an  exponential  transition  with  a  transformation  ratio  of 
500/208  must  be  used  to  make  the  transition  to  a  standard  four-wire  crossed 
receiving  feeder. 

It  should  be  noted  that  the  match  of  the  antenna  to  the  supply  feeder 
is  not  as  great  in  value  for  reception  as  it  is  for  transmission.  Deteriora¬ 
tion  in  the  match  with  the  feeder  leads  primarily  to  a  reduction  in  the 
gain  factor.  Directive  gain  remains  the  same. 

#IX.l4.  The  Pistol'kors  Corner  Reflector  Antenna 

One  version  of  the  balanced  dipole  is  the  antenna  shown  in  Figure  IX.14.1. 
As  will  be  seen  the  antenna  is  a  balanced  dipole  with  the  difference  that 
the  arms  form  an  angle  of  90°  with  each  other  rather  than  being  in  line. 

This  antenna  type  was  suggested  by  A.  A.  Pistol'kors,  and  is  known  as  a 
"V-antenna." 


lanpaijtenut 

iuccempuc* 


Figure  IX.14.1.  Schematic  diagram  of  tho  corner  rofloctor) 
conventional  designation  UG. 

A  -  direction  of  tiaoctor. 


\ 


Characteristic  of  the  V-antenna  is  weak  directivity  in  the  horizontal 
plane,  because  the  direction  of  maximum  radiation  of  both  conductors  com¬ 
prising  the  V  are  mutually  perpendicular. 

The  space  radiation  pattern  of  the  Pistol'kors  antenna,  calculated  for 

E  in  accordance  with  (V.5.17),  for  a  perfectly  conducting  ground,  can  be 
eq 

expressed  through  the  formula 

601,  _ _ 1 _ • 

m _ I0°P  7/ 4-  V?  J.  9W.  XL’.  hi.  _  l  me  a  I  1  V 


[j/'i'i  -f-  -j-  2'F,Vt’1cos  (Vj  —  V,)  I  cos  p  |  j  X 


X  sin  (a //sin  A)  », 


(IX.14.1) 


$  and  &  are  magnitudes  proportional  to  the  field  strengths  produced 
by  conductors  1  and  2  of  the  V-, 

1.  Formulas  IX.14.1  through  IX.14.6  were  derived  by  L.  S.  Tartakovskiy. 
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vj  V2  are  phase  angles  of  the  field  strength  vectors  for 
conductors  1  and  2; 


xVi  =  (cos  [a*  cos  A  cos  (?  —  45)]  —  cos  a/}  X 


cos  v,  y  1  —  cos*  A  cos*  (y  —  45)  | ' 


(IX.14.2) 


Vj  a  arc  tg  s'n  Is  l  cos  A  cos  (y  —  45)1  —  sin  a  l  cos  A  cos  (?  —  45) 
COS  [a  l  CO s  A  cos  {y  —  45)J  —  COS  a  / 

'I",  =  |  [cos  [a  /  cos  A  cos  (<?  +  45)]  —  cos  a  /)  X 


cos  v,  y' 1  —  cos*  A  cos*  (y  •+■  45)  I' 


(IX.14.3) 


(IX.14.4) 


_ arc  jg  sin  [a  /  cos  A  cos  (y  -|-  45)]  —  sin  a  t  cos  A  cos  (y  -f-  45) 

cos  [a  t  cos  A  cos  (y  +  45)J  —  cos  a  l 


•  (IX.14.5) 


where 


A  is  (iie  beam  tilt  angle) 

(p  is  the  beam  azimuth,  read  from  the  direction  of  the  normal  to  the 
angle  bisector  between  the  sides  of  the  V; 
p  is  the  solid  angle  between  the  vectors  for  the  field  strengths  of 
sides  1  and  2  of  the  V; 

1  COS  p  |  = - ——J———. 

l/»  +  f — g!-C— r-l*  (IX.14.6) 


.  ]/ 1  +  . 


Substituting  A  =  0  and  converting,  we  obtain  the  following  expression 
for  the  radiation  pattern  in  the  horizontal  plane  when  A  ■  O,1 


Fh(<P)  “/'(Vta  +  YJ'  +  tV* +  ¥*)»,  (IX.14.7) 

I 

where  ¥u  =  —  ‘  (cos  (a  /  cos  (o  —  45)]  —  cos  a  ZJ , 

(IX.14.8) 

**•  “  ~sin  (y'+  45)  (C0S  la  /c0S  +  45>1  ~  cos  a/l- 

(IX.14.9) 

^  =  sin (y- 45)  *Sin  ^ 1  C0<!  to  ~  45M  _sin(l/ cos  (?  “  45)}, 

(IX.14.10) 

"  “  lMy  +  45)  t#lB  (“  /cos  to  +  45)]  -  sin  «  /  cos  (<? '+  45)).  ( ix.  14 . 11 ) 


strength  should  equal  zero.  In  fact,  because  the  ground  is  not  a  perfect 
conductor,  and  because  it  is  rough,  the  field  strength  vector  has  some  finite 
value  in  the  horizontal  plane  which  will  change  in  accordance  with  formula 
(IX.14.7)  with  change  in  tp. 


-  U  — 

[f. 

sin  (y  —  45) 

1 

sin  (y  +  45) 

1  , 

V 

sin  (y  — 45)  1 

1 

sin  (y  +  45) 

sin 

(H  sin  A) 
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Figure  IX.14.2  shows  a  series  of  radiation  patterns  in  the  horizontal 
plane  when  A  =  0  for  various ' t/X  ratio  values. 
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Figure  IX.14.2.  Radiation  patterns 
of  a  UG  antenna  in  the  horizontal 
plane  (a  **  O)  for  various  values  of 
t. 
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Figure  XX.14.3.  Radiation  patterns 
of  a  UG  antenr.  in  the  horizontal;  plane 
for  various  angles  of  tilt  A  and 
t  =  0.25  a* 


Figure  IX.14.3  shows  a  series  of  radiation  patters  in  the  horizontal 
plane  for  the  relationship  i/x  =  0.25  ar.d  values  of  A  changing  fro*  0*  to 
72°.  Figures  IX.14.4  to  IX.14.7  show  similar  curves  for  values  of  l/\ 
equal  to  0.375,  0.5,  0.625,  and  0.7. 
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Figure  IX.14.4.  Radiation  patterns  Figure  IX.14.5.  Radiation  patterns 
of  a  UG  antenna  in  the  horizontal  plane  of  a  UG  antenna  in  the  horizontal  plant 
for  various  angles  of  tilt  A  and  for  various  angles  of  tilt  A  and 

!  =  0.375  X.  I  *=  0.5  X. 


As  will  be  seen  from  the  curves  in  figures  IX.14.3  -  IX.14.7,  an 
increase  in  angle  A  will  increase  the ‘uniformity  of  radiation  in  all 
directions. 

Ana  length  has  a  definite  effect  on  the  shape  of  the  radiation  pattern. 
Most  uniform  radiation  in  all  directions  results  when  l/X  is  close  to  0.5. 
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Figure  IX.14.6.  Radiation  patterns 
of  a  US  antenna  in  the  horizontal 
plane  for  various  angles  of  tilt  A 
and  t  *  0.625 


Figure  IX.14.7.  Radiation  patterns 
of  a  US  antenna  in  the  horizontal 
plane  for  various  angles  of  tilt  A 
and  l  =  0.7  X» 


Uniformity  of  horizontal  radiation  can  be  increased  substantially  by 

'  / 

making  the  antenna  from  two  balanced  dipoles  placed  at  an  angle  of  90s  to 
each  other  (fig.  IX.14.8). 

The  vertical  radiation  patterns  of  the  comer  reflector  antenna  are 
close  to  those  of  the  conventional  balanced  dipole. 


Figure  IX.14.8.'  Comer  reflector  consisting  of  two  balanced 
dipoles. 

gain  factor  for  ni»ul«»  of  till  corrunjxmtUnu  to  the*  maximum  hnntn 
in  the  vertical  radiation  pattern  is  approximately  4/1.64  sa  2.4  when  the 
ground  is  a  porfoct  conductor.  For  ronl  ground  tho  gain  factor  will  change 
in  proportion  to  the  magnitude  of  (l+  iRjJ )  /4, 

What  has  been  said  with  respect  to  the  gain  factor  applies  when  the  l/\ 
ratio  is  such  that  weak  horizontal  antenna  directivity  results. 

The  Pistol 'kors  antenna  is  usually  made  with  reduced  characteristic 
impedance  to  facilitate  its  broad  band  use. 

Figure  IX.14.9  shows  the  schematic  diagram  of  the  elements  of  a  wideband 
corner  reflector  antenna. 

The  corner  reflector  antenna  can  be  used  for  transmission  and  for  re¬ 
ception. 


Figure  IX.14.9.  Structural  arrangement  of  a  wideband  corner  reflector* 
Designations:  H  -  average  suspension  height  (chosen  in 
accordance  with  main  line  length);  “  (3  to  5)  ■{ 

12  ”  1  m;  D  =  (l  to  1*5)  m;  6  “f90°;  h  -  (2  to  4)  a; 
1-1  -  exponential  feeder  transformer  TFCh  300/600  40 
for  a  maximum  wavelength  of  60  m  and  TFCh  300/600  60 
for  a  maximum  wavelength  of  over  60  m;  diameter  of 
\_)  nn  taint  a  ooitiluol  nrs  8  to  h  mm. 

Note.'  In  corner  reflector  receiving  antennas  the 
reduction  can  be  made  by  a  standard  four-conductor 
feeder  with  a  characteristic  impedance  of  208  ohas* 

The  use  of  wideband  comer  reflector  shunt  dipoles  can  be  recommended 
to  improve  the  match  over  a  wide  range  of  frequencies*  The  arrangement, 
shown  in  Figure  IX.14.8  can  also  apply  to  the  use  of  VGDSh  dipoles* 

#IX*15.  Dipole  with  Reflector  or  Director 

(a)  Schematic  and  principle  of  operation  of  a  dipoLe  with  a 
reflector  or  a  director _ 

A  horizontal  balanced  dipole  has  two  directions  in  which  radiation 

is  maximum.  Under  conditions  prevailing  in  radio  communications  or  radio 

broadcasting  it  can  be  desirable  to  increase  radiation  intensity  in  one  of 

these  directions  at  the  expense  of  weakening  the  radiation  intensity  in  the 

other  direction.  This  can  be  done  by  using  reflector,  or  a  director. 

The  principle  of  operation  of  the  reflector  is  as  follows.  Suppose  -e 

have  dipole  A  (fig.  IX.15.1)  radiating  identically  in  directions  r  and  r_, ' 

1  2 

Let  it  be  required  to  intensify  radiation  in  direction  r^  and  decrease  radia- 
tion  direction  in  direction  r„. 
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Figure  IX. 15.1.  Schematic  diagram  of  a  dipole  with  a  parasitic  , 
reflector. 

One  way  in  which  to  do  away  with  radiation  in  direction  r is  to  install 
a  reflector (  ip  the  form  of  a  flat  screen  impenetrable  by  electromagnetic 

waves,  iti  this  direction.  This  type  of  reflector  will  be  reviewed  in 
Chapter  XII. 

Another  way  in  which  the  desired  result  can  be  obtained  is  to  use  an 
additional  dipole  (R)  positioned  and  excited  in  such  a  way  that  the  field, 
produced  by  it  in  direction  r  weakens,  and  in  direction  r  intensifies 
the  field  produced  by  dipole  A.  This  additional  dipole  is  also  called  a  re¬ 
flector.  Henceforth  the  main  dipole  will  be  referred  to  as  the  antenna. 

One  of  the  most  frequently  used  versions  of  a  reflector  is  a  dipole  made 
similar  to  the  antenna  and  set  up  distance  d  X/4  from  it.  And  good  results 
can  be  obtained  when  the  current  flowing  in  the  reflector  is  equal  in  amplitude 
to  the  current  flowing  in  the  antenna  and  leads  the  latter  by  n/2.  Now  let 
us  investigate  what  the  field  strengths  in  directions  r  and  will  be  in 
this  case. 

Suppose  we  take  some  point,  'say  Mg,  in  direction  r^.  The -field  strength 
at  this  point  equals 

E  =  SA  +  er, 

where 

ea  and  ER  are  the  antenna  and  reflector  field  strengths,  respectively. 

Let  us  assume  the  antenna  and  reflector  are  identical  in  design,  and 
that  the  currents  flowing  in  them  are  identical  in  amplitude.  In  such  case 
and  Er  are  iuentical  in  absolute  magnitudes. 

There  is  a  phase  angle,  V,  between  E^  and  ER  such  that 

Eg  =  Ea  eiv,  '?=■•>  + 

where 

f  is  the  lag  between  antenna  and  reflector  currents  equal  to 
n/2  in  this  case; 

fR  is  the  lag  determined  by  the  difference  in  the  path  of  the  beams 
from  antenna  and  reflector. 
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Since  point  is  closer  to  the  reflector  then  to  the  entenna  by  1/4 1 


Ti“®  .  ,  T  T*  • 


Thus, 


1  4 


*  4*“*' 

2  2  "  .  *s 


The  summed  field  equals 


£  “£<  41  £«  a  ^ 


At  arbitrary  point  located  in  direction  r^,  tho  summed  field  also 


equals 


E-EA  +  Ea  =  EA  +  EAtiT-EA  +  Ea . 


At  point 

®*  ~  "j*  and  ^  =  &A  +  Eg  “  2£^. 

Thus,  for  che  mode  we  have  chosen  the  System  comprising  an  antenna  and 
reflector  meets  the  requirements  imposed;  no  radiation  in  direction  r^, 
increased  radiation  in  direction  r^. 

The  reflector  can  be  either  driven  or  parasitic.  The  driven  reflector 
is  one  which,  like  tbe  antenna,  is  fed  directly  from  the  transmitter,  while 
the  parasitic  reflector  is  one  which  is  not  directly  connected  to  the  trans¬ 
mitter.  Current  flowing  in  the  parasitic  antenna  is  induced  by  the  antenna 
field.  Figure  IX. 15.1  shows  the  schematic  of  a  dipole  with  a  parasitic  re¬ 
flector. 

Figure  IX. 15.?.  is  the  schematic  of  a  dipolo  with  a  driven  reflector. 

Here  T^  and  Tg  are  transforming  devices  serving  to  regulate  the  amplitude  and 
phase  relationships  between  the  currents  flowing  in  the  antenna  and  reflector. 


Figure  IX.15.2.  Schematic  diagram  of  a  dipole  with  a  driven  reflector. 
T  and  T„  -  conversion  transformers. 

1  m 


Because  use  of  a  driven  reflector  complicates  the  feed  system,  the  para¬ 
sitic  reflector  has  been  used  to  advantage.  Reactance  inserted  in  the  re¬ 
flector  is  used  to  regulate  the  relationships  between  current  amplitudes  and 
phases  in  the  antenna  and  the  parasitic  reflector. 


Ft-**.  -  MWMWM4I 


i, 


i 

i 


Figure  XX.  15. 3*  Schematic  diagram  of  a  dipole  with  director. 

r^  -  direction  to  correspondent;  D  -  director. 

A  short-circuited  line,  1-2  (Fig.  IX.15.1),  is  used  as  the  reactance  in 
shortwave  antennas.  The  magnitude  and  sign  of  the  reactance  are  regulated 
by  switching  the  shorting  plug,  k. 

As  a  practical  matter,  precise  observance  of  the  above-indicated 
distance  between  antenna  and  reflector  ( i  =  X/4)  is  not  mandatory  in  order 
to  arrive  at  a  substantial  reduction  >  ..eld  strength  in  direction  r^  and 
amplification  of  field  strength  in  direction  r^ ,  because  analysis  has  shown 
that  if  current  amplitudes  and  phases  are  properly  adjusted  good  results  can 
be  obtained  for  d  values  in  the  range  from  0.1  X  to  0.25  -  0.3  X* 

F.verything  commented  upon  here  refers  to  the  parasitic  dipole  installed 
in  direction  r  from  the  antenna;  in  a  direction  opposite  to  that  over  which 
the  correspondent  can  be  reached.  The  parasitic  dipole,  D,  can  also  be  in¬ 
stalled  in  direction  r^  from  the  dipole  (fig.  IX.15.3),  and  by  making  the 
corresponding  current  amplitude  and  phase  adjustments  an  increase  in  field 
strength  in  direction  r^,  and  a  weakening  of  the  field  strength  in  direction 
r_  can  be  arrived  at.  Xn  this  case  the  parasitic  dipole  is  called  a  director. 

A 

Parasitic  dipoles  are  customarily  used  as  reflectors  in  the  shortwave 
field. 

(b)  Reflector  current  calculation 

The  relationship  between  amplitude  m  and  phase  f  of  the  currents 
flowing  in  reflector  and  antenna  must  be  known  when  calculating  the  radiation 
pattern,  the  gain  factor  and  the  directive  gain,  the  radiaticn  resistance, 
and  other  parameters.  The  magnitudes  m  and  f  can  be  arbitrary  in  the  case  o'C 
the  driven  ref lector,  and  selected  such  that  optimum  desired  reflector  mode 
is  obtained.  Xn  the  case  of  the  parasitic  reflector  current  amplitude  and 
phase  aro  controlled  by  changing  the  reactance  (stub  1-2  in  fig.  XX.15.1) -in¬ 
serted  in  the  reflector.  Range  of  sudh  change  is  limited,  and  moreover,  the 
magnitudes  m  and  f  are  associated  in  a  definite  way.  They  can  be  established 
through  the  formulas  in  #V.17, 


/,*  /ime*. 


(IX.15.1) 
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-(X12-Xl2^ 


(ZX.15.2) 


X12_X12 


-  arc  tg 


■X22+X21o 


(IX. 15. 3) 


where 

1^  and  I2  are  the  amplitudes  of  the  currents  flowing  in  the  current 
loops  on  antenna  and  reflector;  ' 

R22  011(1  X22  are  the  resistive  and  reactive  components  of  the  reflector's 
radiation  resistance; 

R'  and  X'  are  the  resistive  and  reactive  components  of  the  mutual 
impedance  of  the  reflector  and  its  mirror  image; 

R^2  and  are  the  resistive  and  reactive  components  of  the  mutual 
impedance  of  reflector  and  antenna; 

R12  811(1  X12  ara  the  resistive  and  reactive  components  of  the  mutual 

impedance  of  the  reflector  and  of  the  mirror  image  of  the  antenna; 

X  ,  is  the  reactance  inserted  in  the  reflector  and  converted  at  the 
210  ad 

reflector  current  loop. 

As  was  pointed  out  above,  x2load  usually  made  in  the  form  of  a  seg¬ 
ment  of  a  short-circuited  line. 

If  'tosses  in  the  reflector  are  noticeable,  we  should  write  R^  ♦  Rg 

in  place  of  Rnn  in  the  above  formulas,  where  R„  ,  is  the  resistance  of  the 
22  ’2  loop 

losses  in  the  reflector  equated  to  the  current  loop. 

As  a  practical  matter,  Xon  +  X_,  .  can  change  within  any  limits  by 

<4  load 

changing  Xn,  ,.  The  magnitude  of  X_ ,  .  can  be  selected  such  that  the  highest 

«£j.oaa  <2ioaa 

gain  factor,  or  the  most  favorable  radiation  pattern  shape,  can  be  obtained. 
Calculation  of  R22,  R^,  X22  and  X^2  is  made  using  the  methods  described 
in  Chapter  V. 


W  «  m  «  11  »  #  i». 


Figure  IX.15.4.  Dependence  of  ratio  of  amplitude  (m)  and  phase 

angle  (f)  on  the  tuning  of  the  parasitic  reflector 
of  a  balanced  dipole;  (  *  d  ■  X/4. 


Figure  IX.) 5*4  shows  the  curves  for  the  dependence  of  m  and  ^  on 

X22  +  X21oad  when  1  "  d  “  X22’  R22’  X12  and  R12  can  be  a88Umed  etlual 

to  zero  in  the  calculations,  and  this  is  permissible  when  the  antenna  is  in¬ 
stalled  at  a  great  height. 

Example.  Find  the  relationship  between  the  currents  flowing  in  the  an¬ 
tenna  and  the  parasitic  reflector  under  the  following  conditions: 

(1)  t  =  0.5  X? 

(2)  both  dipoles  are  suspended  at  the  same  height,  H  -  0.25  Xt 

(3)  d  -  0.25  X5 

(4)  radius  of  the  conductor  of  each  of  the  dipoles  is  p  >  1/3000; 

(5)  the  reflector  is  tuned  to  resonance, 

X„„  -  X'  +  X.,  .  «*  0. 

-  22  22  21oad 

Distances  between  dipoles  1  and  2  and  their  mirror  images  equal  2H  «  0.5  X< 
Solution.  The  distance  between  the  reflector  and  the  antenna's  mirror 


image  equals 


/(0,5X)»  +  (0.25X)*  »  0  ^tt- 


Using  the  curves  in  figures  V.8.1  and  V.12.3,  we  obtain 
R22  =  198  ohms,  X22  =  125.8  ohms. 

Using  the  curves  in  figures  H. III. 27,  35,  28,  and  36  in  the  Handbook 
Section,  we  obtain 

R12  «  105  ohms,  X^2  «»  -80  ohms 
Rgg  M  -48  ohms,  X£2  <«  -75  ohms 


R'  ■=  -70  ohms,  X*  =  -42.5  ohms 

l/(105  +  70)»+T-80  +  42.5)»'  »  „ 

m”r  (198  +  48)’ 

-80-4-42,5'  0  *  * 

*“180°  +  ,rC,fi  (05  +  70  ■“IfC,8~MTJr“167’5*- 

(c)  Radiation  pattern  of  a  dipole  with  reflector 
The  field  strengths  of  antenna  and  reflector  in  any  direction  can 
he  expressed  through  the  formula 


E  ««  Ea  +  —  Ea(1  +/ne|ir),‘ 


(IX.15.4) 

(IX.15.5) 


whetf-e 


is  the  component  of  the  phase  angle  between  the  antenna  and  reflector 
field  strength  vectors,  established  by  the  difference  in  beam  paths. 
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For  arbitrary  direction  r  we  have  angle  of  tilt  A  and  azimuth  angle  <p, 
read  from  the  direction  of  the  dipole  axis,  and  difference  in  beae  path  fro* 
antenna  and  reflector  equal  to  (see  fig.  IX.15.5) 

\ 

dg  =  d  sin  9  cos  A,  (IX.15.6) 

t**s,~a<k=3  T«<*s,n*cosA*  (ix.15.7) 

'F  =  9  —  ad  sin?  cos  A.  •  (IX.15.8) 


from  antenna  and  reflector;  arrow  r^  -  direction 
to  correspondent . 


Substituting  the  expression  for 'F’  in  formula  (IX.15.4)  and  converting, 
we  obtain  the  following  expression  for  tic  field  strength  modulus 

E  =>  EaY  1  +  m*  +  2m cos (^ —  etdsin<?cos A) ;  (IX.15.9) 

Formulas  (XX. 2.1)  and  (IX.2.2)  can  be  used  to  find  E.  in  the  general 

A 

case. 

Substituting  the  value  for  from  formulas  (IX. 3. l)  and  (XX.4.2),  we 
obtain  the  following  formula  for  the  radiation  patterns  in  the  vertical 
(rp  «  90°)  and  horizontal  (A  =  0)  planes 

rv(A)  a  (1-cos al)YT+  |Ra|*  +  2  \R ~\ cos  (<1^-28  H  sin  A)X 

, _ 1  (IX.15.10) 

X  V  l  +  m*  +  2m  cos  (t — «  d  cos  A) , 

F  (m)  «  £2iiii££p) S°s *!.. Y  1  +  m»  +  2m cos (y -ctd  sin?)  .  (IX.15.11) 

n  T  sin  f 

In  the  case  of  infinite  ground  conductivity  |Rj»  1*  *  rr,  and 

formula  (IX.15.1)  becomes 

=  2(1  — cosa/)sin(«//slnA)V^l-}-m’+2mcos('Ji— xdcosA).  (IX.15.12) 


.  •  - 
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Figure  IX. 15.6.  Effect  of  various  parasitic  dipole  tuning  regimes  on 
the  radiation  pattern  of  a  system  consisting  of 
horizontal  driven  and  parasitic  dipoles. 


Figure  IX. 15. 6  shows  a  series  of  curves  characterizing  the  effect  of  a 
parasitic  dipole  on  the  radiation  pattern  in  the  horizontal  plane  for  two 
values  of  d/x  (0.1  and  0.25),  and  for  va. ions  parasitic  dipole  tuning  modes. 
The  curves  do  not  take  the  effect  of  the  ground  on  the  radiation  resistance 
into  consideration,  but  this  is  permissible,  practically  speaking,  when  sus¬ 
pension  is  high.  All  curves  were  graphed  as  applicable  to  a  half-wave  dipole 
(21  -  X/2). 

As  will  be  ceen  from  Figure  IX.15.6,  in  certain  of  the  modes  we  have 
intensification  of  the  field  strength  in  the  r^  direction,  in  others  this  is 
true  of  the  r ■  direction.  In  the  former  the  parasitic  dipole  is  a  reflector, 
in  the  latter  a  director. 

(d)  Radiation  resistance  and  input  impedance 
Based  on  the  data  in  Chapter  V,  #17,  the  resistive  and  reactive 
components  of  tl  e  dipole's  radiation  resistance  can  be  calculated  through  the 
following  formulas,  which  take  the  effect  of  the  ground  and  of  the  parasitic 
dipole  into  consideration: 


*»  »(/?,,-  /Q  +  //( [{/?„  ^  R-\ cos _  (X|J  _  xjjjsin  fl, 
xi  “  (*»-*;.)  +  m  [(/?„.-  /?;,)  sin  •}»  +  (X,j  — Xj’jJcos^], 


(IX.15.13) 

(IX.15.14) 


The  input  impedance  is  calculated  thiough  formula  (V.10.2),  and  W  is 

replaced  by  w  and  B  by  0  . .  ,  where  W  .  and  fl  are 

coupling  p  p coupling*  coupling  p coupling  *  * 

the  characteristic  impedance  and  attenuation  factor,  with  induced  impedances 
taken  into  consideration, 


coupling 


4*4^ 


(ix.15.15) 


-  -  -vffcCi'O' 
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In  the  case  specified, 


2X.  ,, 
ind 


_  ^  -  V 

1  md  /.  sin  2q/1  ..  /.  sin2o>l. 

U  2<yt  U  2al  1 


(IX.15.16) 


0  , 1 

H coupl 


R,,  +  R.  . 

11  ind 


coupl 


Zal 


coupl 


/,  8in2al ^ 
2ctl 


(IX. 15. 17) 


where 


R.  ,  and  X.  ,  are  the  resistive  and  reactive  components  of  the  radiation 
ind  ind 

iNssisuiK'-u  i iitlur-ed  in  U>e  itiitomiA  by  ils  mirror  image,  by  Uie 

reflector,  and  by  the  mirror  image  of  the  reflector; 

X  is  the  induced  reactive  impedance  occurring  per  unit  antenna 

length. 


(e)  Directive  gain  and  gain  factor 
Directive  gain  equals 


D  r  120 


(A) 


(IX.15.18) 


The  gain  factor  equals 


€  =  D/1.64  . 


(ix.15.19) 


We  can  set  the  efficiency  equal  to  unity. 

Fv(d)  can  be  established  through  formulas  (IX.15.10)  or  (IX.15.12),  and 

Rj,  through  formula  (IX. 15. 13).  The  calculation  reveals  that  when  Xgioad 

properly  selected  the  factors  D  and  e  for  the  dipole  with  reflector  are 

approximately  double  what  they  ere  for  the  same  dipole  without  reflector. 

Figure  IX. 15.7  shows  curves  for  the  dependence  of  the  ratio  c/Sq  on 

the  magnitude  of  X  X0,  ,,  that  is,  on  reflector  tuning. 

22  Zloaa 

e  and  e0  are  the  gain  factors  with  and  without  reflector. 

X1  ,  R*  ,  X’  and  R*  are  taken  equal  to  zero,  a  practical  approach  when 
12  12  11  XX 

antenna  suspension  is  quite  high. 

Curves  were  plotted  for  two  values  of  d/X  (o.l  and  0.25)  when  2t  =  x/2* 
As  will  be  seen,  the  increase  in  the  gain  factor  is  somewhat  greater 
when  d  =  0.1  X  than  is  the  case  when  d  «  0.25  X»  thanks  to  the  reflector. 

As  a  practical  matter,  however,  it  is  recommended  that  the  reflector 
be  located  so  it  is  not  too  close  to  the  antenna  because  if  it  is  the  radia- 
lion  resistance  is  extremely  low,  making  it  difficult  to  obtain  the  match 
with  the  feeder  line  and  resulting  in  a  reduction  in  efficiency. 

By  way  of  illustration,  we  have  included  Figure  IX.15.8  to  show  the 
curves  for  the  dependence  of  the  radiation  resistance  on  the  magnitude 


22 


X_,  .  for  a  half-wave  dipole  for  d/X  values  equal  to  0.1  and  0.25. 

alo&d 


-'•■W  -r  . ' 
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Figure  IX.15.7.  Dependence  of  the  ratio  e/e  for  a  half-wave  dipole  on 
reflector  or  director  tuning  when  d/x  *=  0.1  and 
d/x  =  0.25;  e  is  the  gain  factor  for  a  dipole  with 
reflector  or  director;  e0  is  the  gain  factor  for  the 
dipole  alone;  -  reflector;  -  -  -  -  director. 


I 


Figure  IX. 15. 8.  Dependence  of  half-wave  dipole  radiation  resistance 
on  reflector  tuning.  Scales  in  ohms. 

A  comparison  of  the  curves  in  Figure  IX.15.7  with  those  of  Figure  IX.15.8 
shows  that  the  considerable  increase  in  the  gain  factor  corresponds  to  the  drop 
in  radiation  resistance.  When  d/X  ■  0.1  the  radiation  resistance  in  the  field 
of  high  values  for  e/eQ  is  extremely  low  as  compared  with  the  antenna's  own 
radiation  resistance  (73.1  ohms). 

Figure  IX.15.7  uses  the  dotted  .lines  to  show  the  curves  for  the  s/sq 
**^io  when  the  radiation  coupled  dipole  is  a  director. 
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Chapter  X 

y  - 

3ALANCED  AND  UNBALANCED  VERTICAL  DIPOLES 


i  ) 


#X.l.  Radiation  Pattern 

The  short  wave  field  also  utilizes  reception  and  transmission  vertical 
dipoles  without  directional  properties  in  the  horizontal  plane*  Vertical 
dipoles  can  be  either  balanced  (fig.  X.l.l)  or  unbalanced  (fig.  X.1.2). 


/S///W///////////////////////,. 

Figure  X.l.l.  Schematic  diagram  of  a  balanced  vertical  dipole. 

Characteristic  of  the  .'ertical  dipole  is  stronger  radiation  and  reception 
of  ground  waves,  useful  for  short-range  communications,  but  also  damaging 
because  tho  result  is  stronger  local  noiso  pickup. 


I 

wmmmm/mmm. 

Figure  X.1.2.  Schematic  diagram  of  an  unbalanced  vertical 
dipole. 


The  radiation  pattern  of  a  bal snced  vertical  dipole  in  the  vertical 
piano  can  bo  computod  through  tho  formula 


IL 


CO/  COS  (l/»lll  A)  •-  COSa> 
r.  cos  A 


-X 


X  +  +  .  I  cos  (<1> ,  —2#  U  sin  A), 


(X.l.l) 


where 

t  is  the  length  of  one  arm  of  the  dipole; 

|R|||and  are  the  modulus  and  the  argument  for  the  reflection  factor  for 
a  parallel  polarized  beam; 

H  is  the  height  of  an  average  point  on  the  dipole  above  the  ground. 
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The  radiation  pattern  of  an  unbalanced  dipole  in  the  vertical  plane 
can  be  computed  through  the  formula 


E  =  -  <  [[cos  (a /sin  A) —  cos  a/)  (1  +  [/?  1 1  cos  *I» , )  + 

unb  r  cos  A 

-4-  ]/?  1 1  sin  «I»  {  [sin  (a /sin  A)  —  sin  a  /sin  A})  +  i  {[sin(e/sinA)— 

—  sina/sinA](l  — |/?,|cos«I',)  + jRijsin'I',  [cos(a/sinA)~  ^  ^  ^ 

—  cosa/])>. 

Chapter  V,  #5,  contains  the  derivation  of  formula  (X.l.l). 

Formula  (X.1.2)  is  derived  in  a  manner  similar  to  that  used  to  derive 
formula  (X.l.l)  by  replacing  the  ground  with  the  mirror  image.  The  reflection 
factor  establishes  the  magnitude  and  phase  of  the  current  flowing  in  the 
mirror  image. 

Figures  X.1.3  -  X.1.6  show  the  values  of  |R)|I  $jj  for  wet  soil  (er  =  25, 

Yy  =  O.Ol)  and  dry  soil  (e_  =  5  and  yv  =  0.001 ).  The  curves  wero  plotted 

for-  waves  in  the  15  to  100  iiiet#t:  range.  The  curves  in  figures  X.1.3  c 

X.1.6  show  that  |  R|| |  and  $||  are  quite  deperient  on  the  ground  and  v  velength 
parameters.  Moreover,  |R|||and  }j|  will  change  greatly  with  the  angle  of  tilt. 


Figure  X.1.3.  Dependence  of  the 

modulus  of  the  reflection  factor 

|R„|  for  a  parallel  polarized  wave 

on  the  angle  of  tilt  for  wet  soil 

(c  *  25;  V  *  O.Ol). 
r  'v 


Figure  X.1.4.  Dependence  of  the 
modulus  of  the  reflection  factor 
|R|j|for  a  parallel  polarized  wave 
on  the  angle  of  tilt  for  dry  soil 
(er  =  5;  Yv  “  0.001 ).' 


Figures  X.1.7  -  X.1.14  show  a  series  of  radiation  patterns  of  a  balanced 
dipole. 

The  patterns  were  charted  for  the  special  case  when  1  «  10  meters, 

H  >  20  meters,  and  two  types  of  soil. 

Similar  curves  are  shown  in  figures  X.1.15  -  X.1.22  for  an  unbalanced 
dipole  when  l  ■  10  meters. 

Note  that  these  diagrams  fail  to  consider  the  effect  of  ground  metallize’ 
tion  near  the  antenna  on  its  directional  properties.  This  effect  is  slight, 
however  (see  #V.20). 
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Figure  X.1.13.  Radiation  pattern  of  Figure  X.1.14.  Radiation  pattern  o] 
a  balanced  dipole  (t  *  10  m;  H  •»  20  a)  a  balanced  dipole  (t  ■  10  m|  H  *  2C 
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25j  Yv  “  0.01 )  and  dry 
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Figure  X.1.15.  Radiation  pattern  of 
an  unbalanced  dipole  (t  *  10  a)  for 
wet  (c  ■  25?  V  *  0.01)  and  dry 
(«_  *  5?  Yv  *  oToOl)  soil;  X  *  15  *• 
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Figure  X.1.16.  Radiation  pattern  of 
an  unbalanced  dipole  (t  •  10  i)  for 
wet  (cr  ■  25?  Yv  “  0.01)  and  dry 
{«  ■  5;  Y  “  0.001)  soil;  X  »  20  a. 


o  to  a  M  to  so  to  a  to  mv 

Figure  X.1.17.  Radiation  pattern  of 
an  unbalanced  dipole  (t  <*  10  ■)  for 
wet  (er  =  25;  yv  *  0.01 )  and  dry 
(c  *  5;  Y  =  0.001 )  soil;  \  ■  25*. 
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Figure  X.l.lS.  Radiation  pattern  of 
an  unbalanced  dipole  (t  *  10  a)  for 
wet  («r  «  25;  Yv  *  0.01)  and  dry 
(«  -  5;  Y  «  C.001)  soil;  X  -  30  *. 
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Figure  X.1.19.  Radiation  pattern  of 
an  unbalanced  dipole  ( l  *  10  a)  for 
wet  (*  «  25;  Yv  “  0.01 )  and  dry 
(«„  *  5?  Yv  ■  0.001)  soil;  X  ■  40  a. 


SB 


-  ft  H 

ia 

wibbI^HH 
ImbbbbbEM 
biniins 

IwiBBgaal 


■EH0BBBU 


n  #*  a  a 

Figure  X.1.20.  Radiation  pattern  of 
an  unbalanced  dipole  (l  »  10  a)  for 
wet  (cr  *  25;  Yv  *  0.01 )  and  dry 
(«^  *  85;  Y„  “  0.001)  soil;  X  ■  50  a 
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Figure  X.1.21.  Radiation  pattern  of 
an  unbalanced  dipole  (l  =  10  m)  for 
wet  (er  =  25;  Yv  =  0.01)  and  dry 
(er  *  5;  Yv  =  0.001)  soil;  X  »  60  m. 


Figure  X.1.22.  Radiation  pattern  of 
an  unbalanced  dipole  (t  >=  10  m)  for 
wet  (er  =  25;  Yy  =  0.01 )  and  dry 
(er  n  5;  Yv  “  0.001 )  soil;  X  =  100  m. 


$X«2.  Radiation  Resistance  and  Input  Impedance 

The  radiation  resistance  and  the  input  impedance  of  a  vertical  dipole 
are  readily  computed  if  the  ground  near  the  dipole  is  carefully  metallized, 
for  in  such  case  the  approximation  is  that  the  field  structure  near  the 
dipole  is  the  same  as  it  would  be  were  the  ground  a  perfect  conductor,  with 
the  result  that  the  radiation  resistance,  as  well  as  the  input  impedance, 
can  be  calculated  through  the  formulas  obtained  above  for  the  balanced  di¬ 
pole.  But  what  must  be  borne  in  mind  is  that  for  a  specified  value  of  l  the 
radiation  resistance  and  the  characteristic  impedance  of  an  unbalanced  dipole 
are  half  what  they  are  for  a  balanced  dipole.  Based  on  what  has  been  said 
we  can  also  use  the  curves  in  figures  V.8.1,  IX.6.1,  IX.6.2,  and  figures 
1X.11.2,  IX.11.3  to  establish  the  radiation  resistance  and  the  input 
impedance. 

The  use  of  the  formulas  and  curves  mentioned  is  permissible  in  the  case 
of  the  unbalanced  dipole  for  computing  radiation  resistance  and  input  impedance 
if  the  dipole  is  fitted  with  radial  ground  system  comprising  80  to  120  con¬ 
ductors,  the  lengths  of  which  are  on  the  order  of  the  wavelength  and  longer. 

If  a  developed  ground  system  is  not  used  the  calculations  for  radiation 
resistance  and  input  impedance  are  complex,  and  will  not  be  taken  up  here.1 


•  Directive  Gain  and  Gain  Factor 

In  the  case  specified  the  directive  gain  can  be  computed  through  formula 
(VI. 1.9)  because  field  strength  is  independent  of  azimuth  angle. 

The  gain  factor  e  can  be  computed  through  formula  (VI.3.5),  and  the 
radiation  resistance  computation  is  mads  as  indicated  in  the  preceding  para¬ 
graph  in  the  case  of  well -met alii zed  ground  near  the  antenna. 


the  footnote  at  page  136 
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The  results  of  the  0  and  g  computations  for  the  special  case  of  the  un¬ 
balanced  dipole  (l  »  10  m)  and  for  two  types  of  soils  are  shown  in 
floured  X.3.1  and  X.3.2. 

Integration  of  the  expression  in  the  numerator  of  formula  (VI. 1. 9) 
is  carried  out  QraphicaUy  to  calculate  D. 

The  values  for  D  and  e  shown  in  figures  X.3.1  end  X.3.2  equate  to  the 
direction  of  maximum  radiation. 

The  D  values  obtained  are  only  valid  when  distances  from  the  dipole 
are  such  that  we  can  ignore  the  ground  waves,  as  compared  with  sky  waves. 

e  is  computed  assuming  the  field  structure  near  the  dipole  remains  as 
it  is  in  the  case  of  perfect  ground,  an  assumption  based  on  a  developed 
ground  system  being  installed.  Efficiency  is  taken  equal  to  one. 

Let  us  note  that  in  the  case  specified  formula  (VI .3. 4)  pays  no 
attention  to  the  relationship  between  e  and  D,  and  this  can  be  explained 
by  the  fact  that  D  was  established  through  the  radiation  pattern  charted  for 
real  ground  parameters  without  taking  energy  radiated  into  the  ground  into 
consideration.  When  the  reflection  factor  from  the  ground  does  not  equal  one, 
some  of  the  energy  radiated  by  the  antenna  is  entering  the  ground.  If  the 
relationship  at  (VI .3 .4)  is  to  be  satisfied  for  ground  with  less  than  perfect 
conductivity  we  must  either  take  the  energy  penetrating  the  ground  into  con¬ 
sideration  when  calculating  D,  or  consider  the  energy  radiated  into  the  ground 
as  a  loss.  In  the  latter  case  it  is  necessary  to  introduce  in  formula  (VI. 3. 4) 
a  factor  equal  to  the  transmission  efficiency  (T]^),  and  by  which  we  understand 
to  mean  the  ratio  of  the  energy  remaining  in  the  upper  half-space  to  the 
total  energy  radiated. 
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Figure  X.3.1.  Dependence  of  the 
directive  gain  of  an  unbalanced 
dipole  (l  =  10  ra)  on  the  wavelength 
for  wet  (er  =25;  Yv  =  0.01 )  and 
dry  (e^.  =  5;  Yv  =  0.001 )  soil. 
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Figure  X.3.2.  Dependence  of  the 
gain  factor  for  an  unbalanced  dipole 
(l  =  10  m)  on  the  wavelength  for 
wet  (er  =  25;  yv  =  0.01 )  and  dry 
(er  =  5;  Yv  =  0.001 )  soil. 


#X.4.  Design  Formulation 

Figure  X.4.1  shows  one  way  in  which  to  make  a  balanced  CsicJ  vertical 
dipole  with  reduced  characteristic  impedance.  As  will  be  seen,  segments  of 
Uie  yliys  used  on  Lite  Wuodeh  inast  are  Used  ill  pari  as  a  dipole,  Supply  is 
by  a  two-conductor  feeder. 
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An  exponential  feeder  transformer  is  inserted  in  the  line  to  improve 
the  match  between  the  two-conductor  line  and  the  dipole.  The  angle  formed 
by  the  exponential  line  and  the  axis  of  the  dipole  is  made  as  close  to  90° 
as  possible  in  order  to  avoid  asymmetry  in  current  distribution  in  the  dipole 
and  feeder. 


r^^ure  x.4.1.  Design  formulation  of  one  version  of  an  unbalanced  [sic] 
vertical  dipole  with  reduced  characteristic  impedance. 

A  -  exponential  line. 


v!!,y 


Figure  X.4.2.  Design  formulation  of  one  version  of  an  unbalanced 

vertical  dipole  with  reduced  characteristic  impedance. 

Figure  X.4.2  shows  one  version  of  a  design  for  an  unbalanced  vertical 
dipole  with  reduced  characteristic  impedance.  Mast  guys  can  also  be  used  to 
obtain  a  dipole  with  low  characteristic  impedance. 

A  high-frequency  cable  (fig.  X.4.2),  or  a  coaxial  line  can  be  used  to 
feed  the  unbalanced  dipole. 

One  possible  version  of  a  coaxial  line  is  shown  in  Figure  X. 4.3.  The 
external  conductors,  which  play  the  same  part  as  the  cable  shield,  have  one 
end  connected  to  the  grounding  bus,  the  other  to  the  transmitter  (receiver) 
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frame.  The  end  of  the  feeder  running  to  the  base  of  the  antenna  should  be 
dipped  toward  the  ground  to  reduce  the  reactive  component  of  the  conductor 

i 

connecting  the  outer  conductors  of  the  feeder  to  the  grounding  system.  i 

There  are  other  ways  to  make  an  unbalanced  wire  feeder.  Vhen  the 
feeder  circuit  is  selected  attention  must  be  given  to  reducing  the  trans¬ 
mittance,  which  ought  not  exceed  0.03  to  0.05  (see  #111.5). 

A  developed  grounding  system  should  be  used  with  unbalanced  dipoles  to 
provide  a  high  efficiency. 


Figure  X.4.3.  Schematic  diagram  of  the  supply  to  an  unbalanced 
vertical  dipole  by  a  coaxial  feeder. 

A  -  to  antenna;  B  -  metal  ring;  C  -  to  common  grounding 
bus. 


Figure  X.4.4.  Variant  in  the  design  of  an  unbalanced  vertical 
dipole  high  above  the  ground. 
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Recommended  is  a  grounding  system  consisting  of  from  80  to  120  conductors 
1.5  to  2(  long.  The  system  is  buried  15  to  20  cm  below  the  surface,  but  it 
can  be  laid  right  on  the  ground  if  local  conditions  are  such  that  there  will 
be  no  danger  of  its  being  damaged.  A  grounding  system  consisting  of  10  to 
15  conductors  aacut  0.5l  long  is  adequate  for  receiving  antennas. 

Figure  X.4.4  is  one  possible  design  for  an  unbalanced  dipole.  As  will 
be  seen,  the  dipole  is  .installed  on  a  metal  tower,  the  top  of  which  is 
fitted  with  a  ractal  hat  which  plays  the  role  of  a  counterpoise.  Supply  to 
the  dipole  is  by  a  cable  laid  out  along  the  tower  body.  The  cable  envelope 
is  connected  to  the  counterpoise.  It  is  desirable  to  have  the  radius  of  the 
counterpoise  at  least  equal  to  0.2  to  0.25\. 

Dipole  elevation  provides  ground  wave  amplification.  Ground  wave  field 
strength  is  proportional  to  the  height  at  which  the  dipole  is  suspended.1' 


f  v 

* 


1.  See  #5  of  Chaptor  XIII  in  tho  book  Ultra-Shortwave  Antennas  (Svynz'isaat, 
1957)  for  the  radiation  pattern  ni  an  ante*--,  ■>'-  vert'-  ’•  ’  ~..r.  (f,-  v  * 
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Chapter  XI 


THE  BROADSIDE  ARRAY 


#XI . 1 .  Description  and  Conventional  Designations 

Figure  XI. 1.1  is  the  schematic  of  a  four-stacked  broadside  array  with 
eight  dipoles  in  each  stack. 

As  will  be  seen,  the  broadside  array  is  made  up  of  a  number  of  sections 
which  are  themselves  two-wire  balanced  lines  (l-2)  loaded  by  balanced  dipoles 
with  arm  lengths  of  1  =  X/2. 


1  y — v  — \  y— 


_ 

j _ 


Figure  XI. 1.1.  Schematic  diagram  of  a  broadside  array. 

The  balanced  dipoles  are  sections  in  several  stacks.  The  line  conductors 
are  crossed  in  the  spans  between  stacks.  The  distance  between  adjacent 
balanced  dipoles  in  the  same  section  equals  X/2. 

The  sections  are  connected  in  pairs  by  the  distribution  feeders,  2-3* 

These  feeders  will  be  referred  to  henceforth  as  the  primary  distribution 
feeders.  These  latter  are,  in  turn,  connected  to  each  other  by  secondary 
distribution  feeders,  3-4. 

Figure  XI. 1.2  depicts  a  two-stacked  broadside  array  comprising  two  sections. 


Figure  XI. 1.2.  Schematic  diagram  of  a  two- stacked  broadside 
array  comprising  two  sections. 


1  o 


A  parasitic  reflector  is  usually  installed  behind  the  antenna  and  is 
usually  a  duplicate  of  the  antenna  in  arrangement  and  design. 

The  broadside  array  is  conventionally  designated  by  the  letters  SG,  to 
which  i>  added  the  fraction  n^/n,  designating  the  number  of  stacks  (n^)  and 
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the  number  of  half-wave  dipoles  in  each  stack  (n). 

The  antenna  shown  in  Figure  XI. 1.1  is  conventionally  designated  the 
SG  4/8,  for  example. 

If  the  antenna  has  a  reflector  the  letter  R  is  added.  Thus,  the  broad¬ 
side  array  with  reflector  comprising  4  stacks  and  8  half-wave  dipoles  in 
each  stack  is  designated  SG  4/8  R. 

The  operating  principle  of  the  SG  antenna  was  explained  in  #VII.5« 
that  of  the  reflector  in  z^IX.15. 

#XI .2.  Computing  Reflector  Current 

The  relationship  between  amplitude  (m)  and  phase  angle  (^)  for  the 
currents  flowing  in  reflector  and  antenna  must  be  known  to  compute  the  radia¬ 
tion  pattern,  directive  gain,  radiation  resistance,  and  other  parameters. 

In  the  case  of  the  driven  x'eflector  the  magnitudes  of  m  and  ^  can  be 
arbitrary,  and  selected  such  that  the  optimum  antenna  mode  is  obtained.  It 
is  desirable  to  have  m  =  1  and  i/  =  90°  when  the  distance  between  antenna  and 
reflector  is  equal  to  X/4. 

In  the  case  of  the  parasitic  reflector,  current  amplitude  and  phase  can 
be  controlled  by  changing  the  reactance  in  the  circuit.  However,  the  range 
of  change  is  limited  and,  moreover,  so  far  as  the  parasitic  reflector  is  con¬ 
cerned,  the  magnitudes  of  m  and  y  are  interconnected  in  a  predetermined  manner. 

We  can  derive  2N  equations  from  which  the  current  in  any  of  the  dipoles 
in  the  antenna  and  reflector  can  be  established  (2N  is  the  total  number  of 
dipoles  in  antenna  and  reflector)  by  using  the  coupled  dipole  theory  explained 
in  Chapter  V. 

However,  in  this  case  the  determination  of  the  currents  can  be  very  much 
simplified  by  replacing  all  the  dipoles  in  the  antenna  and  reflector  with  two 
equivalent,  coupled  dipoles. 

In  fact,  the  antenna  consists  of  a  system  of  dipoles,  the  currents  in 
which  have  identical  amplitudes  and  phases.  Therefore,  full  power  developed 
across  the  antenna  (actual  and  reactive)  equals 

■  P  =»  ~  I ]  ({/?!  +  Rt  -r  •  •  •  *r  Rn)  +  i  (^i  +  • .+  Xn)\  ■= 

(xi. 2.D 

where 

R^,  K^...  R^,  and  X^,  X^...  X^  are  the  resistive  and  reactive  radiation 

resistances  for  the  first,  second,  etc.,  dipoles  equated  to  a  current 
loop,  with  the  effect  of  all  antenna  dipoles  and  their  mirror  images 
taken  into  consideration; 

I ^  is  the  current  flowing  in  the  current  loop  of  or.e  dipole. 


I 
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Formula  (XI.2„l)  demonstrates  that  all  the  dipole3  in  the  antenna  cur¬ 
tain  can  be  considered  as  a  single  unique  dipole  with  a  total  radiation 
resistance  equal  to  Rjj  +  iXj^  and  with  a  current  flowing  in  the  loop  equal 

to  Ij. 

Similarly,  all  reflector  dipoles  can  be  replaced  by  one  equivalent  di¬ 
polo  witli  radiation  resistance  equal  to  R^  ^  ♦  iX^^  and  current  flowing 
in  the  loop  equal  to  the  current  flowing  in  one  reflector  dipole  (ITT). 


Here  Rjj.  ^  and  X^ 


II 


II' 

are  the  sums  of  the  resistive  and  reactive  com¬ 


ponents  of  the  radiation  resistance  of  the  reflector  dipoles,  established 
with  the  mutual  effect  of  all  reflector  dipoles  and  their  mirror  images 
taken  into  consideration. 

Replacement  of  the  antenna  and  reflector  dipoles  by  two  equivalent  di¬ 
poles  will  make  it  possible  to  use  the  equations  for  two  coupled  dipoles  to 
analyze  the  SG  antenna. 

The  coupling  between  the  currents  flowing  in  the  reflector  (ijj)  and 
in  the  antenna  (Ij)  is  established  from  the  relationships,  similar  to  those 
at  (V.14.6)  -  (V.14.8)  for  two  coupled  dipoles, 


III  ~  II  me 


/d2 

f  I  II  I  II 


RII  II  +  (XII  II+?II  load5 


$  *  TT+arc  tg 


*1  II  *11  "+X 


-  arc  tg 


II 


II  II  load 
RII  II 


(XI. 2.2) 
(XI. 2. 3) 

(XI. 2.4) 


where 


RI  II  and  XI  II  are  sums  resistive  and  reactive  radiation 

resistances  induced  by  all  reflector  dipoles  and  their  mirror 
images  in  all  antenna  dipoles,  assuming  that  reflector  and 
antenna  currents  are  the  same  in  amplitude  and  coincide  in  phase; 

Xu  loa(J  is  the  reactance  inserted  in  the  reflector  and  converted  into 
current  flowing  in  the  loop.  X ^  load  is  usually  in  the  form  of 
a  segment  of  short-circuited  line  1-2  (fig.  XI. 2.1). 


6 
4 


■t 


*3 

Figure  XI. 2.1.  Schematic  diagram  of  a  two-stacked  broadside  array 
with  a  parasitic  reflector  SG  2/4  R. 

A  -  antenna;  R  -  reflector;  1-2  -  reflector  tuning  stub. 
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Figure  XI. 2. 2.  Schematic  diagram  of  an  SG  2/2  array  and  its  mirror 
image* 


If  there  are  substantial  losses  in  the  reflecto-  we  must  write  Rn  ii  * 

+RII  loop  in  the  above  formulas  in  Place  of  where  R^  ioop  ia  the 

resistance  of  the  losses  in  the  reflector  equated  to  a  current  loop. 

Practically  speaking,  Xjj  jj+Xjj  load  can  be  changed  within  any  limits 
by  changing  X^^  .  The  magnitude  of  Xjj  is  selected  such  that  the 

greatest  gain,  or  the  most  favorable  radiation  pattern,  is  obtained. 

The  methods  described  in  Chapter  V  are  used  to  compute  Rjj  jj,  Xjj  jj, 

RI  II  ®d  *1  II' 

Example  1.  Calculate  the  resistance  of  an  SG  2/2  R  antenna. 

The  circuit  consists  of  dipoles  and  their  mirror  images,  as  shown  in 
Figure  XI. 2. 2  (the  reflector  dipoles  are  not  shown). 

Solution. 

R/t  //  “  *t  #»  +  #»  +  Ro 

Because  of  the  symmetry  with  which  the  dipoles  are  positioned 

Ri  °  ii,;  ii,  =*  /?4 
Run  =  2Ri+2Rv 


In  turn 

Ri  —  Rn  +  Ru  -!•  Rn  'r  Rn  —  Rn  —  Rn  —  ^13  Rhi 
Ri  ~  Rn  4*  Rn  ■)*  Rti  Ra  —  Rn  —  R»  Rn  R241 


where 


R  and  R  are  the  radiation  resistances  of  dipoles  1  and  2; 

II  22 

R’  and  R*  are  the  mutual  resistances  between  dipoles  1  and  2  and 
11  22 

their  own  mirror  images; 


R  .  R  ,  R  , ,  R’  ,  R*  ,  R* .  are  the  mutual  radiation  resistances  between 
12’  13  14’  12’  13  14 

dipole  1  and  dipoles  2,  3,  and  4  and  cheir  mirror  images; 

R  »  H0/,  R'  ,  R*  ,  R‘,  are  the  mutual  radiation  resistances  between 

21  23  2ft  23  « 

dipole  2  and  dipoles  1,  3,  and  4  and  their  mirror  images. 

Own  resistances  of  the  d.. poles  equals 


11 


22 


u 


\ 


73 • 1  ohms 


O 


The  curves  in  the  Handbook  Section  are  used  to  establish  the  values  of 
the  other  components  of  R  and  R„  (figs.  H.XIX.6  -  H.IXI.13). 

J 

Using  these  curves  we  obtain 

/?!  -  73.1  +  26.4  —  12.4  —  11.8  +  1,8  +  5.6  —  I ,2  — 3.8-  77.9oJ}msf 
£,-73.1  —  12.4  —  11.8  +  26.4  —  4.1-8.8  +  1.8  +  6.8-70  ohms, 

R/t  //  a  f  2R,  —  205.8  ohms. 

Rj  11  =»  R\h  +  Ri/i  +  Ri/i  +  Rut  —  Rut — Rut  —  Rt n  —  Rut, 

X;  tt  —  Xut  +  Xitt  +  Xjjt  +  —Xui— X m  ~  xui  ~~  X<  11  • 

Here  R^  and  X^^  are  the  sums  of  resistive  and  reactive  components 
of  the  mutual  resistance  between  dipole  1  of  the  antenna  and  all  reflector 
dipoles. 

R2  II’  R3  II’  R4  II’  X2  II’  X3  II’  md  X4  II  haVe  3imilar  value*i  but  ** 
applicable  to  dipoles  2,  3,  and  4  of  the  antenna. 

RJ  and  X|  ^  are  the  sums  of  the  resistive  and  reactive  components  of 
the  mutual  resistance  between  dipole  1  of  the  antenna  and  all  the  mirror 
images. of  the  reflector  dipoles. 

R2  II’  R3  II’  R4  II’  X2  II’  X3  II  X4  II  have  similar  values«  but  *■ 
applicable  to  dipoles  2,  3,  and  4  of  the  antenna. 

Because  of  the  symmetry  in  the  location  of  the  dipoles, 

R/ 11—  2RUt  +  2  Rjji  —  2 Rxn  —  2Rilt 

and  ,  , 

X,  „=•  2 Xut  +  2Xait  ~  Mm  —  2X211-  . 

Rj  and  ^  are  computed  through  the  curves  in  the  Handbook  Section* 

We  obtain  for  the  SG  2/2  R  antenna 

Rj  =  58  ohms, 

Xj  =  -277.4  ohms. 

Figure  XI. 2.3  shows  the  curves  for  the  dependence  of  m  and  f  lor  the  • 
SG  2/2  R  antenna  on  =  X^^  +  X^  loa£j» 


Figure  XI. 2. 3.  Dependence  of  m  and  ^  for  an  SG  2/2  R  array 
on  reflector  tuning. 
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As  will  be  seen,  the  reflector  current  is  only  close  to  the  antenna 
current  in  amplitude  for  small  values  of  X  .  The  current  phase  difference 
in  this' same  area  is  close  to  90°,  emphasizing  the  fact  that  turning  the  re¬ 
flector  to  resonance  establishes  a  mode  close  to  optimum. 

The  calculation  of  m  and  for  other  types  of  antenna  is  made  similarly. 

The  gain  factor  (e)  and  the  directive  gain  (D)  for  the  antenna  depend 
on  m  and  so  they  depend  on  X^. 

So  far  as  the  SG  2/2  R  antenna  is  concerned,  maximum  gain  factor  occurs 
when  <=  -40  ohms,  and  corresponding  thereto  m  =  0.95  and  =  110°. 

Table  XI. 2.1  lists  the  values  of  m  and  ^  for  various  versions  of  the  SG 
antenna  with  respect  to  maximum  gain  factor  and  directive  gain,  but  we  must 
still  remember  that  these  values  do  not  correspond  to  minimum  radiation  in 
the  rear  quadrants. 


Table  XI. 2.1 


Antenna  type 

m 

r 

SG  1/2  R 

0.8i 

120 

SG  1/4  R 

0.785 

120 

SG  2/2  k 

0.95 

no 

SG  2/4  R 

0.895 

no 

SG  2/8  R 

0.91 

no 

SG  4/8  R 

0.923 

102 

SG  6/8  R  • 

0.87 

96 

#XI»3.  Directional  Properties 

The  field  strength  of  the  broadside  array  can  be  expressed  through  the 
formula^ 

120/  C,e(T  colisin  V  )*'"("  Y  C0J  4  *,n») 

/  Y  l  —  cos’  A  sin*  y  ^ 


sin  { n,  —sin  A  j 

- ±.y\  ml  -h  2m  cos  (•[>  —  *  d3  cos  A  cos  <y)  X 

(t  sin  4) 

Xsin(*//a/sin  A), 


where 


(XI. 3.1) 


<p  is  the  azimuth  angle,  read  from  the  normal  to  the  plane  of  the 
antenna  curtain; 

H  is  the  average  height  at  which  the  antenna  is  suspended; 
av 


1.  See  Appendix  4. 
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and  n  are  number  of  stacks  and  number  of  half-wave  dipoles  per  stack, 
respectively; 

d^  is  the  distance  between  antenna  and  reflector. 

If  tho  antonna  is  a  stacked  dipole  array,  and  if  the  lower  stack  is  at 
height 


+  — 1)  - 


(XI. 3. 2) 


Using  formula  (XI. 3. l),  we  can  establish  the  field  in  any  directin.''. 

It  is  customary  to  use  the  radiation  patterns  in  the  horizontal  (A  *  0) 
and  vertical  (cp  =  0)  planes  for  the  characteristics  of  SG  antenna  directional 
properties. 

Substituting  A  =  0  in  formula  (XI. 3. l),  converting,  and  dropping  the 
factors  not  dependent  on  cp,  we  obtain  the  following  expression  for  the  radiation 
pattern  in  the  horizontal  plane 


ctg  i  ~T  sm  f )  ,  *  \ 

- sin(nTsin?)X 

X  /lr"1’  -h  cos  (•>  —  «  d3  cos  yf. 


(XI.3.3) 


Figures  XI. 3. 1  -  XI. 3. 4  show  a  series  of  radiation  patterns  of  SG  an¬ 
tennas  in  the  horizontal  plane.  As  will  be  seen,  the  more  dipoles  per  antenna 
stack,  the  narrower  its  radiation  pattern  in  the  horizontal  plane.  The 
radiation  pattern  in  the  horizontal  plane  is  symmetrical  with  respect  to  the 
normal  to  the  plane  of  the  antenna  curtain,  so  only  half  of  the  diagrams  are 
shown  in  figures  XI .3.1  -  XI. 3. 4. 

Substituting  cp  =  0  in  formula  (XI. 3. l),  and  converting,  we  obtain  the 
following  expression  for  the  radiation  pattern  in  the  vertical  plane 


F(  A) 


2n  ■ 


in('H  l"sin,i) 

sin  sin  A  'j 


X 


X  Y i  -r  «»* -r  2/« cos — ac/jCosA)  sin(a//ai,sin  A). 


(XI.3.4) 


Figure  XI«3*1*  Radiation  pattern  in  the  horizontal  plane  of  an 
SG  array  with  two  dipoles  in  one  stack. 
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Figure  XI. 3. 2.  Radiation  pattern  in  the  horizontal  plane  of  an 
SG  array  with  four  dipoles  in  one  stack. 

In  the  case  of  real  ground  conductivity  the  expression  for  the  radiation 
pattern  in  the  vertical  plane  becomes 

sin  (fli-—  sin  4  1 _ 

F(&)  =  n - -V l~i-/H,+2/«  cos  (•}> — »«/,  cos  A) X 

sin  sin  4^ 

X  V 1  +  \R±  I1  +  2  \RX\ cos  (<i> ,  -  2*  i/ay  sin  A  )•  (XI.3.5) 

£ 
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Figure  XI. 3. 3*  Radiation  pattern  in  the  horizontal  plane  of  an 
SG  array  with  eight  dipoles  in  one  stack. 
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Figure  XI. 3 .4.  Radiation  pattern  in  the  horizontal  plane  of  an 
SG  array  with  sixteen  dipoles  in  one  stack. 
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Figures  XI. 3. 5  -  XI. 3. 8  show  a  series  of  radiation  patterns  in  the 
vertical  plane  of  an  SG  antenna.  Patterns  have  been  charted  for  three 
types  of  ground  within  the  limits  of  the  main  lobe?  ideal  conductivity 
<YV  =  “)*  average  conductivity  (e^  =  8,  yv  “  0.005);  and  low  conductivity 
(er  =3t  Yv  =  0.0005). 
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Figure  XI. 3- 5*  Radiation  patterns  in  the  vertical  plane  of  a 

single-stack  SG  array  with  a  reflector  for  ground  with 
ideal  conductivity  (yv  =  ») ,  for  ground  with  average 
conductivity  (er  =  8,  Yv  =  0.005)  and  for  ground  with 
low  conductivity  (er  =  3,  Yv  =  0.0005) 5  height  of 
suspension  H  =  x/2. 


£ 


Figure  XI. 3. 6. 


Radiation  patterns  in  the  vertical  plane  of  a  two- 
stack  SG  array  with  a  reflector  for  ground  with  ideal 
conductivity  (yv  =  “) ,  for  ground  with  average  con¬ 
ductivity  (er  =8,  Yv  “  0.005),  and  for  ground  with 
low  conductivity  (~r  =  3,  yv  =  0.0005);  height  of 
suspension  of  lower  stack  H  »  l/2. 


Laid  out  on  the  ordinate  axes  in  figures  XI. 3. 5  -  XI. 3. 8  is  the  relation" 

ship  E/E  ,  where  E  is  the  field  strength  in  the  direction  of  maximum 
max  max 

radiation  for  ideally  conducting  ground. 

Accordingly,  the  curves  for  ground  of  average  conductivity  and  for 
ground  with  low  conductivity  characterize  the  shape  of  the  radiation  pattern, 
as  well  as  the  change  in  the  absolute  magnitude  of  the  field  strength  as 
compared  with  the  case  of  ideally  conducting  ground. 
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Figure  XI. 3. 7.  Radiation  patterns  in  the  vertical  plane  of  a  four- 

stack  SG  array  with  a  reflector  for  ground  with  ideal 
conductivity  (yv  =  a) ,  for  ground  with  average  con¬ 
ductivity  (er  =  8,  yv  =  0.005))  and  for  ground  with  low 
conductivity  (er  =  3)  Yv  =  0.0005);  height  of  suspension 
of  lower  stack  H  =  x/2. 


£ 


Figure  XI.3.8.  Radiation  patterns  in  the  vertical  plane  of  a  six- 

stack  SG  array  with  a  reflector  for  ground  with  ideal 
conductivity  (yv  =  <=) ,  for  ground  with  average  con¬ 
ductivity  (er  =  8,  yv  =  0.005))  and  for  ground  with  low 
conductivity  (er  =  3,  Yv  =  0.0005);  height  of  suspension 
of  lower  stack  -  \/2 . 
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As  will  be  seen  from  figures  XI.3.5  -  XI.3.8,  the  greater  the  number  of 
stacks  in  the  antenna,  the  narrower  the  radiation  pattern  in  the  vertical 
plane.  Moreover,  the  main  lobe  is  "pressed"  toward  the  ground  as  the  number 
of  stacks  is  increased.  Comparison  of  radiation  patterns  for  various  ground 
parameters  reveals  that  the  nature  of  the  diagram  is  little  dependent  on 
soil  parameters.  But  if  the  ground  conductivity  is  reduced,  the  maximum  beam 
in  the  diagram  will  be  reduced,  and  the  greater  the  angle  of  tilt  of  the 
maximum  beam,  the  more  marked  is  this  reduction. 

Radiation  patterns  in  the  vertical  plane  of  a  single-stack  antenna  with 
suspension  height  different  from  1/2  are  shown  in  Figure  XX. 3. 9.  Figures 
XI. 3. 10  and  XI.3.11  show  the  radiation  patterns  in  the  vertical  plane  of  a 
two-stack  and  four-stack  antenna  with  lower  stack  suspension  heights  greater 
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than  a/2.  An  increase  in  the  antenna  suspension  height  will  be  accompanied 
by  the  main  lobe  becoming  narrower  and  being  pressed  toward  the  ground,  as 
well  as  by  an  increase  in  the  pattern's  side  lobes. 


Figure  XI. 3. 9*  Radiation  patterns  in  the  vertical  plane  of  a 

single-stack  SG  array  suspended  at  a  height  different 
from  A/2  (yv  =  co)  • 


Figure  XI. 3. 10.  Radiation  patterns  in  the  vertical  plane  of  a  two- 

stack  SG  array  with  lower  stack  suspended  at  heights 
A  and  0.75  A. 


Figure  XI. 3. 11.  Radiation  patterns  in  the  vertical  plane  of  a  four- 
stack  SG  array  with  lower  stack  suspended  at  heights 
A  and  1.5  A* 


#XI.4.  Radiation  Resistance 


The  radiation  resistance  of  an  SG  antenna  is  understood  to  mean  the  sum 
of  the  radiation  resistances  cf  ail  its  dipoles. 

In  accordance  with  the  above  expounded  method  of  replacing  the  dipoles 
of  the  ai'.tenni'  and  reflector  by  two  equivalent,  single  dipoles,  we  obtain 
the  following  expressions  for  the  total  radiation  resistance  of  antenna  and 
reflector 


ZiA  “  l$it  -r  <n  (3/  /,  cos  -  X,  u  sin  0)]  + 
■f  i  [X„  -r  m  (X, ,, cos i  4-  R, ,,  sin  9)1, 


Z£R  "  [RII  II 


rrCOS 

X  X 


Xv  v.sin  *)]  -r 
I  1  X  T 


(XI. 4.1) 


+  1^  X^.  „  ,  )  "I  "  V  X  r,^OS  \j  Ry  yySln  y')j. 

II  il  II  load  m  I  II  v  I  II  y 


(XI. 4. 2) 


formulas  (XI. 4.1)  and  (X7.4.2)  are  similar  to  formula  (V.13.7)  for  tt»o 


conventional  dipoles. 

In  the  case  of  the  parasitic  reflector  Z  =  0. 

'  K 

Since  antenna  and  reflector  are  identical,  Ry  T  =  RTT  and  X,  v  -  XT.  TT. 

'll  II  il  i  I  Ii  II 

Example  2.  Calculate  the  resistive  component  of  the  radiation  resistance 
(R.  j)  for  the  SG  2/2  R  anteiina. 

Solution.  Ire  resistive  component  of  the  radiation  resistance  of  the 
antenna  equals 


ca\.  e  the  antenna  and  reflector  curtains  are  identical 


Rr  -  =  Ry  y  y  y  • 

I  1  II  II 


The  calculation  of  R_y  for  che  SG  2/2  R  antenna  was  made  above  (see 

il  il 

Example  l).  Ry ,  was  found  to  equal  295.8  ohms. 

Also  cited  above  were  the  results  of  tile  calculations  of  li.  alul  XT  ,rl 

l  II  I  il 

which  proved  to  bo  equal  to  R_  =  58  ohms  and  X^  ^  =  -277.4  ohms... 

If  we  take  the  values  of  m  and  ^  corresponding  to  the  maximum  value  for 
the  gain  factor,  that  is,  m  =  0.95  and  ^  =  110°,  the  antenna  radiation 
resistance  will  equal 


R2  a  =  295*8  +  0.95  (58  cos  110°  +  277.4  sin  110°)  «  518  ohms. 


Table  XI. 4.1  lists  the  values  of  the  resistive  and  reactive  components 
of  the  radiation  resistance  for  different  SG  antenna  variants. 

The  values  for  listed  in  Table  XI. 4.1  correspond  to  that  mode  of 
reflector  tuning  for  which  the  maximum  gain  factor  and  directive  gain  are 
obtained. 
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Table  XI. 4-1 


Antenna 

variant 

R^  _ , ohms 

R.^  jpohms 

Xj  Tj,ohms 

Rj^jOhms 

SG  1/2  R 

173-2 

56 

-129 

242 

SG  1/4  U 

360.2 

88.2 

-265.6 

514 

SG  2/2  R 

295.8 

56 

-277.4 

518 

SG  2/4  R 

646.2 

75.8 

-586.5 

1117 

SG  2/8  R 

1322 

220 

-1210 

2300 

SG  4/8  R 

2778 

268 

-2274 

4359 

SG  6/8  R 

3844.5 

240.8 

-3330 

6705 

The  data  lifted  in  Table  XI. 4.1  are  based  on  the  assumption  that  the 
height  at  wnich  the  xover  stack  i/as  suspended  was  equal  to  X/2.  If  the 
suspension  height  is  increased  the  radiation  resistance  will  change  somewhat 
because  of  the  increase  in  the  distance  between  the  antenna  and  the  mirr- r 
image.  However,  these  changes  are  not  substantial  enough  to  be  taken  into 
consideration  in  engineering  calculations.  The  data  Tinted  in  this  table  can 
also  be  used  for  suspension  heights  greater  than  X/2. 


irXI . 5 .  Directive  Gain  and  Gain  Factor 

In  accordance  with  what  has  been  said  in  Chapter  VI,  the  directive  gain 
can  be  calculated  through  the  formula 


(XI. 5.1) 


with  F(a)  established  through  formula  (XI.3.4)  or  (IX. 3.5)  [sic],  and 
from  t'no  data  listed  in  Table  XI. 4.1. 

The  gain  factor  can  be  calculated  through  the  formula 


e  =  Dp/1.64,  (XI. 5.2) 

where 

T|  is  the  antenna  efficiency. 

Fngineering  calculations  usually  assume  that 

:  t]  =  1. 


}  Table  XI. 5.1  lists  the  maximum  values  for  D  and  e  for  different  SG 

antenna  variants,  as  well  as  the  angles  of  tilt  for  maximum  beams,  Aq. 

,The  values  for  e  listed  in  Table  XI, 5*1  were  calculated  for  ideally 

conducting  ground.  The  actual  values  of  e,  as  follows  from  the  patterns 

charted  in  figures  XI. 3. 5  -  XI. 3. 3,  will  be  somewhat  less;  e  will  decrease 

2  2 

in  proportion  to  the  decrease  m  the  ratio  E  /E  ^  when  A  m  £q. 
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The  reduction  in  e  is  greater  the  larger  angle  6^. 

Table  XX. 5.1 


Antenna 

variant 

Height  at  which 
lower  stack  is 
suspended 

Directive 
gain,  D 

Gain  factor, 

€ 

Angle  of  tilt 
of  maximum  beam, 

*0 

SG  1/2  R 

0.5X 

23 

14 

o 

O 

cn 

SG  1/2  R 

0.75X 

23 

14 

18° 

SG  1/4  R 

0.5X 

43 

26 

Vo 

O 

o 

SG  1/4  R 

0.75X 

43 

26 

18° 

SG  2/2  R 

0.5X 

35 

21 

17° 

SG  2/2  R 

0.75X 

35 

21 

14° 

SG  2/2  R 

X 

35 

21 

12° 

SG  2/4  R 

0.5X 

60 

37 

17° 

SC-  2/4  R 

0.75X 

60 

37 

14° 

SG  2/4  R 

X 

60 

37 

12° 

SG  2/8  R 

0.5X 

116 

70.7 

17° 

SG  2/8  R 

0.75X 

116 

70.7 

14° 

SG  2/8  R 

X 

116 

70.7 

12° 

SG  4/4  K 

0.5X 

130 

80 

9° 

SG  4/4  R 

X 

156 

95 

8° 

SG  4/8  R 

0.5X 

262 

160 

9° 

SG  4/8  R 

X 

310 

190 

8° 

SG  6/8  R 

X 

395 

240 

6° 

#XI.6.  Input  Impedances 

(a)  Input  impedance  of  a  balanced  dipole  part  of  an  antenna 
A  balanced  dipole  has  an  arm  length  l  =  \/2. 

The  input  impedance  of  this  dipole  can  be  calculated  through  the  formula 


Z  =  W?  /R 
1  in 


(XI. 6.1) 


where 


W  is  the  characteristic  impedance  of  the  dipole  with  the  resistances 
induced  by  adjacent  dipoles  and  reflectors  taken  into  consideration; 
R  is  the  resistive  component  of  the  radiation  resistance  of  one 
balanced  dipole. 

The  characteristic  impedance  of  a  balanced  dipole  can  be  established 
through  the  formula 

__  -  (XI. 6.2) 


“in  ■ 


where 


W  is  the  characteristic  impedance  of  an  isolated  balanced  dipole 


I 


\  . 


\ 


V 


? 


I 


4  V 

a  | 


I 


s 


RA-OOS-66 


oe.1 


As  a  practical  matter, 


V.  ^  V, 
m  ’ 


B  =  2^  A, 


where 


is  the  resistive  component  of  the  total  radiation  resistance  of 
the  antenna  (see  Table  XX. 4.1); 

N  =  nn^  is  the  total  number  of  half-wave  dipoles  in  the  antenna. 

Substituting  the  value  for  R  in  formula  (XI. 6.1), 

21  "  NVfn/2RlA  *  (XX*6*3) 

W  is  on  the  order  of  1000  ohms  for  dipole  conductors  with  diameters 
of  from  2  'co  6  mm. 

Formula  (XI. 6.1)  fails  to  consider  losses  in  the  dipoles,  but  this  is 
quite  permissible  because  these  losses  in  broadside  arrays  are  usually  very 
small, 

(b)  Input  impedance  of  a  section  of  an  antenna 
The  input  impedance  of  a  section  of  an  antenna  is  understood  to 
mean  the  impedance  equated  to  a  point  where  the  balanced  dipole  in  the 
lower  stack  is  connected  into  the  antenna  (point  2  in  fig.  XI. I. 1). 

Since  the  distance  between  dipoles  in  a  section  equals  Jk/2,  the  input 
impedance  equals 


L. 


w. 


(XI. 6,4) 


(c)  Input  impedance  at  distribution  feeder  branch  points 
The  input  impedance  at  the  point  where  the  primary  distribution 
feeders  branch  (point  3  in  fig.  XI.l.l)  is,  in  accordance  with  formula 
(1.9.9)  equal  to 


,  .  .  Vei  .  o', 
'■it  1  sin o  4 

_  ^  j _ 


2% 


(XI. 6.5) 


ccjo  /.  -t-isin«j\ 


where 


Wp  and  ;  are  the  characteristic  impedance  and  length  of  one  branch 
•jf  the  primary  distribution  feeder. 

Similarly,  the  input  impedance  at  the  point  where  the  secondary  distribution 
feeders  branch  (peine  4  in  fig.  XI.l.l)  equals 


cos  a  i  ^sin 
Wft _ h. _ 


z,  = 


,  ccs  a  /,  -i>  i  sin  sf, 

Z* 


(XI. 6.6) 


■  i 
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and  l0  are  the  characteristic  impedance  and  length  of  one  branch 
of  the  secondary  distribution  feeder. 

If  the  antenna  has  four  sections,  is  the  input  impedance  of  the  entire 
antenna* 

We  can  calculate  the  input  impedance  at  the  point  of  feed  in  a  similar 
way  if  the  antenna  has  eight  sections  (l6  dipoles)  in  each  stack. 

The  lengths  of  the  distribution  feeders  are  often  made  in  multiples 
of  X/2  in  order  to  improve  the  match  between  the  individual  antenna  elements. 
In  such  case  the  input  impedance  of  the  entire  antenna  equals 

ZA  =  2 2,/nn,  =  V2  /R_  .  (XI. 6.7) 

A  11m  T.A 

The  formulas  given  here  are  also  valid  for  calculating  reflector  input 
impedances.  In  the  case  of  the  parasitic  reflector  R^  should  be  understood 
to  be  the  resistive  component  of  the  reflector's  radiation  resistance,  cal¬ 
culated  without  regard  for  the  effect  of  the  antenna,  which  is  to  say 


^R  °  ®II  II  =  RI  I* 

It  must  be  pointed  out  that  the  formulas  for  input  impedance  given  here 
are  approximate,  since  they  do  not  take  into  consideration  differences  in 
the  radiation  resistances  of  the  individual  dipoles,  the  effect  of  the  shunt 
capacitances  created  by  the  insulators  used  with  the  antenna,  the  distribution 
feeders,  etc. 


#XI.7.  Maximum  Effective  Currents,  Voltages,  and  Maximum  Field  Strength 
Amplitudes  in  the  Antenna 

The  effective  current  flowing  in  a  current  loop  of  an  antenna  li-oole 
equals 


1 


(XI. 7.1) 


where 


?  is  the  power  applied  to  the  antenna. 

The  maximum  effective  current  flowing  in  the  antenna  feeder  equals 
[formula  (1.13.3)3 


where 


k  is  the  traveling  wave  ratio  on  the  feeder; 

P  is  the  power  applied  through  tha  particular  feeder;  for  the  S6  2/8  R 

antenna,  for  example,  through  the  primary  distribution  feeder  one-fourth, 
and  through  the  secondary  distribution  feeder  one-half  the  applied 
power. 


1 


t 
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The  traveling  wave  ratio  on  the  feeder  can  be  calculated  through 
formula  (1.7.2) 

...  l  +  w 

where 

|p[  is  the  modulus  of  the  reflection  factor,  equal  to 


(W  -  R  )S  +  xf  , 

F  load  load 


(V  +  R.  ,)2  +  xf  , 

F  load  load 


(XI.7.2) 


R  ,  and  X,  .  are  the  resistive  and  reactive  components  of  the 
lead  load 

impedance  of  the  load  on  the  feeder. 

The  load  impedance  is  Z  for  the  primary  distribution  feeder,  Z  for 

Ct  J  ( 

the  secondary  distribution  feeder,  etc. 

The  maximum  amplitude  of  the  equivalent  voltage  across  each  of  the 
dipoles  is  obtained  at  the  generator  end,  and  equals 


a  -iv  =V~  v.  , 

max  loop  xn  y  R_  in 


(XI.7.3) 


where 


I,  is  the  amplitude  of  the  current  flowing  in  the  dipole's  current 
loop 


The  maximum  field  strength  amplitude  equals 


&  «  12C  U  AT.  d  . 

oax  max:  xn 


(XI. 7.4) 


The  maximum  amplitudeo  of -voltage  and  field  strength  in  the  distribution 
feeders  (see  $1.13)  equals 


IP*] 

"max  "'ll  ~k 


TO 


(XT. 7.5) 


E  «  — — — 
max  W^d 


(XX. 7» 6) 


Table  XI. 7.1  lists  the  values  for  maximum  effective  current,  maximum 

equivalent  voltage,  ar.d  maximum  field  strength  for  dipoles  uood  in  different 

antenna  variants  when  the  applied  power  equals  *  kv. 

The  compilation  of  Table  XI. 7.1  assumed  that  V.  «  1000  ohms.,  and  that 

xn 

d  =  0,6  cm,  where  d  is  the  diwaeter  of  the  dipole  conductor. 


^y  ^y 
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Tab  I  o  XI. 7.1 


Antenna 

variant 

Maximum  effective 
current,  IA,  amps 

Maximum  voltage 

amplitude,  U  , 

,  max’ 

volts 

Maximum  field  strength 

amplitude,  E  ,  volts/cm 
max 

SG  1/2  R 

2.04 

2880 

576 

SG  1/4  R 

1.4 

1980 

396 

SG  2/2  R 

1.4 

1980 

396 

SG  2/4  R 

0.95 

1350 

270 

SG  2/8  R 

0.66 

930 

185 

SG  4/8  R 

0.48 

680 

136 

SG  6/8  R 

0.386 

545 

108 

#XI.8.  Waveband  in  Which  SO  Antenna  can  be  Used 

Upsetting  the  equality  of  current  amplitudes  and  phases  in  the  various 
stacks  in  the  antenna  is  the  primary  reason  why  the  SG  antenna  cannot  be 
used  on  wavelengths  different  from  those  specified.  As  was  pointed  out  in 
the  foregoing,  equal  current  amplitudes  and  phases  in  the  different  SG  an¬ 
tenna  stacks  can  be  maintained  because  the  segments  of  the  feeder  between 
the  stack  are  X/2  in  length.  As  deviations  from  specified  wavelengths  occur 
the  lengths  of  the  inter-stack  feeders  become  inappropriate,  and  the 
currents  flowing  in  the  different  stacks  are  not  the  same,  either  in  ampli¬ 
tude  or  phase.  The  result  is  distortion  of  the  radiation  pattern  in  the 
vertical  plane.  However,  in  some  waveband  near  the  specified  wavelength 
the  deterioration  in  directional  properties  is  slight.  The  greater  the 
number  of  stacks,  the  narrower  this  band. 

As  the  calculations  show,  the  two-stack  antenna  retains  satisfactory 
directional  properties  and  can  be  used  without  material  deterioration  in 
its  parameters  in  the  waveband  0.9  to  1.2  A where  Aq  is  the  specified 
working  wavelength.  The  feur-stack  antenra  can  be  used  in  the  0.95  to 
1.08  Aq  range.  The  single-stack  antenna  can  be  used  over  a  broad  band  of 
wavelengths,  as  will  be  described  in  detail  in  Chapter  XII  on  the  multiple- 
tuned  broadside  array. 

We  should  note  that  when  the  working  wavelength  is  changed  we  must  re¬ 
build  the  reflector  and  the  elements  used  to  match  antenna  and  feeder, 

#XI,9.  Antenna  Desig..  Formulation 

(a)  Antenna  curtain  and  reflector  curtain 

Dipoles  used  in  antennas  and  reflectors  must  be  somewhat  shorter 
than  their  nominal  lengths.  Shortening  the  dipole  is  equivalent  to  con¬ 
necting  a  certain  amount  of  inductive  reactance  in  series  with  the  dipole  in 
order  to  compensate  for  the  effect  of  the  shunt  capacitance  of  the  insulators 
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and  the  induced  reactances.  The  input  impedance  of  the  shortened  dipole 
becomes  resistive,  and  this  results  in  an  improvement  in  the  match  between 
the  individual  antenna  sections.  When  conventional  insulators  are  used  it 
is  recommended  that  dipoles  be  shortened  5  to  7%,  as  compared  with  their 
nominal  lengths. 

Efforts  should  be  made  to  keep  the  shunt  capacitance  of  the  insulators 
as  low  as  possible.  The  antenna  curtain  can  be  suspended  on  supports  with, 
or  without,  stays  (figs.  XX. 9.1  and  XX. 9. 2).  When  a  stay  is  used  the  dipoles 
are  positioned  exactly  horizontal,  but  when  the  stay  is  not  used  the  dipoles 
sag  somewhat,  and  this  sag  causes  distortion  in  the  radiation  pattern. 

This  distortion  is  slight  when  the  dip  is  small,  howovor.  A  dip  with  on 
order  of  magnitude  of  5  to  7%  of  the  span  between  masts  is  permissible. 


Figure  XX. 9.1.  Suspension  of  an  antenna  curtain  on  supports 
using  a  stay. 


t  ’ 


Figure  XI. 9. 2.  Suspension  of  an  antenna  curtain  on  supports 
without  a  stay. 

If  the  antenna  is  suspended  on  a  metal  stay,  the  latter  is  usually 
sectioned  by  insulators • and  section  lengths  are  made  no  longer  than  }Jk  in 
order  to  avoid  the  considerable  effect  the  stay  has  on  the  directional 
properties  of  the  antenna.  Research  on  the  subject  has  revealed  the  stay 
need  rot  be  sectioned.  The  effect  of  an  unsectioned  stay  on  the  antenna 
gain  factor  is  slight. 

The  desirable  distance  between  the  lowest  point  on  the  stay  and  the 
upper  stacks  of  dipoles  is  at  least  \/k. 


The  cable  guys  supporting  the  dipoles  in  the  individual  stacks  should 
be  sectioned  by  insulators  in  the  span  between  the  battens  and  the  dipoles 
(insulators  1  in  I'igs.  XI. 9. 1  and  XI. 9-2).  This  is  necessary  in  order  to 
reduce  the  currents  induced  in  the  supporting  cables  by  the  antenna.  Section 
lengths  should  be  no  longer  than  X/lO.  The  distance  between  the  antenna 
supports  should  be  selected  such  that  there  will  be  at  least  two  such  sections 
on  either  side. 

Securing  the  dipoles  to  the  vertical  inter-stack  feeders,  which  latter 
have  been  crossed,  can  be  dene  by  using  insulators  in  the  form  of  trans¬ 
position  blocks  (fig.  XI. 9. 3). 

The  reflector  curtain  is  built  like  xhe  antenna  curtain. 


Figure  XI. 9. 3.  Securing  dipoles  to  a  vertical  inter-stack 
feeder  with  transition  blocks. 

(b)  Distribution  feeders 

The  lengths  of  primary  distribution  feeders  are  sel • cted  such 
that  the  highest  traveling  wave  ratio  possible  will  be  established  on  the 
secondary  distribution  feeders.  The  distribution  system  as  a  whole  should 
provide  the  highest  possible  "natural"  (without  special  tuning)  traveling 
wave  ratio  on  the  supply  feeder. 

It  is  necessary  to  increase  the  traveling  wave  ratio  on  distribution 
fev ders  and  on  the  supply  feeder  in  order  to  reduce  losses,  reduce  potentials, 
sind  increase  the  stability  of  the  tuning  of  the  supply  feeder  to  the 
traveling  wave.  The  smaller  the  traveling  wave  ratio  on  the  distribution 
feeders,  and  the  natural  traveling  wave  ratio  on  the  supply  feeder,  the  greater 
will  be  the  mismatch  between  feeder  and  antenna  as  atmospheric  conditions 
(rain,  frost,  sleet,  etc.)  change. 

If  w*>  ire  to  obtain  the  highest  possible  traveling  wave  ratio  we  must 
select  distribution  feeder  lengths  such  that  there  will  be  voltage  loops 
(fig.  XI. 9« 4)  at  the  branch  points. 
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Figure  XI. 9.4.  Choosing  the  lengths  of  distribution  feeders. 


Bonds  in  distribution  feeders  must  be  made  in  such  a  way  that  the 
lengths  of  both  conductors  remain  absolutely  identical. 

(c)  Antenna  supports 

Supports  are  made  of 'wood  or  metal. 

There  is  no  firm  basis  for  giving  preference  to  either  type  of  support, 
at  least  not  from  the  point  of  view  of  providing  optimum  electrical  parameters 
for  antennas. 

The  guys  supporting  the  masts  are  usually  broken  up  by  insulators 
(sectioned)  in  order  to  reduce  the  currents  induced  in  them  by  the  antenna's 
electromagnetic  field.  Heavy  currents  flowing  in  the  guys  cause  energy 
losses  and  radiation  pattern  distortion.  The  distance  selected  for  the 
lengths  of  sections  of  guys  between  adjacent  insulators  should  be  no  greater 
than  X/4. 

Experimental  investigations  have  revealed,  hoi.e\  r,  that  as  a  practical 
matter  there  are  no  significant  losses,  or  any  great  distortion  in  the  patterns, 
even  when  unsectioned  guys  are  used.  In  the  latter  case  however,  the  un¬ 
sectioned  guys  must  not  be  installed  in  front  of  the  antenna  curtain  in  the 
direction  of-  maximum  radiation.  Moreover,  it  is  necessary  to  measure  the 
ant»nna  radiation  pattern  and  confirm  the  fact  that  the  guys  do  not  cause 
unusual  distortion. 

If  unacceptable  distortions  are  found,  and  are  in  fact  caused  by  the 
guys,  the  necessary  steps  must  be  taken  (partial  sectioning,  interconnecting 
the  guys,  other  measures  to  detune  the  exciting  guys). 

The  SG  stacked  dipole  antenna  is  frequently  suspended  on  free-standing 
metal  towers. 

#XI . 10 .  SG  Hcceiving  Antenna 

All  of  the  data  in  the  foregoing  with  respect  to  the  directicnal  proper¬ 
ties,  directive  gain,  gain  factor,  input  impedance,  and  other  parameters 
of  the  SG  transmitting  antenna  are  valid  for  SG  receiving  antennas. 

The  effective  length  of  the  SG  receiving  antenna  can  be  computed  through 
formula  (VI. 8. 5). 


Table  XI. 10.1  lists  the  values  for  effective  lengths  of  selected  variants 
of  the  SG  antenna  when  W  =  208  ohms  end  W  =  100  ohms. 

C  i* 

The  assumption  behind  the  table  is  that  the  supply  feeder  efficiency 
is  T)  =  1. 

Table  XI. 10.1 


Antenna 

variant 

Characteristic  impedance  of 
supply  feeder,  W^,  ohms 

Effective  length,, 
leff 

SG  1/2  R 

208 

2X 

II 

100 

1-39A 

SG  1/4  R 

208 

2.74X 

ft 

100 

1.9X 

SG  2/2  R 

208  ' 

2.47X 

II 

100 

1.72X 

SG  2/4  R 

208 

3-24X 

II 

100 

2.25X 

SG  2/8  R 

208 

4.5X 

II 

100 

3  - 13  X 

SG  4/8  R 

208 

6.75X 

II 

100 

4.7X 

SG  6/8  R 

208 

7.8X 

II 

100 

5.4X 

The  compilation  of  Table  XI. 10.1  used  e  values  taken  from  Table  XI. 5.1 
for  lower  stack  suspension  height  equal  to  X/2. 

What  was  said  above  wivh  respect  to  the  design  formulation  of  SG  trans¬ 
mitting  antennas  also  remains  valid  for  SG  receiving  antennas.  The  exception 
is  the  statement  concerning  the  possibility  of  using  non-sectioned  stays 
and  guys  on  masts.  When  reception  is  involved  special  attention  must  be 
given  to  the  question  of  eliminating  distortions  in  the  reception  pattern, 
so  the  use  of  non-sectioned  stays  and  guys  is  undesirable. 

The  supply  feeder  for  the  SG  receiving  antenna  is  usually  a  4-wire 
conductor  with  a  characteristic  impedance  of  208  ohms.  This  roust  be  taken 
into  coi  sideration  when  designing  the  match  between  ancenna  and  supply  feeder. 

#XI.ll.  Radiation  Pattern  Control  in  the  Horizontal  Plane 

The  antenna's  radiation  pattern  in  the  horizontal  plane  can  be  controlled 
by  shifting  the  point  at  which  the  supply  feeder  is  connected  to  the  dis¬ 
tribution  feeder.  And  both  branches  of  the  distribution  feeder  should  be 
tuned  to  the  traveling  wave  mode.  Figure  XI. 11.1  shows  the  arrangement 
for  controlling  the  pattern. 
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Figure  XI. 11.1.  Schematic  diagram  cf  how  the  radiation  pattern  of 
the  antenna  is  controlled  in  the  horizontal  plane* 

1  -  traveling  wave  tuning  stub. 


Moving  the  supply  point  to  the  right  of  center  of  the  distribution  feeder 
rotates  the  direction  of  maximum  radiation  to  the  left,  and  vice  versa. 

The  radiation  pattern  in  the  horizontal  plane  in  the  case  of  unbalanced 
feed  to  the  distribution  feeder  can  be  computed  through  the  formula 


where 


c*(ySin?) 

- __  Sin(TTsin«)x 

cos  (^i  —  a  d3  cos;?}  X 


,  a  D\  . 

Xcos  I  —  sm<?- 


(XI. 11.1) 


l  is  the  difference  in  the  lengths  of  the'  branches  of  the  distribution 
feeder; 

is  the  distance  between  the  centers  of  the  symmetrical  halves  of 
the  antenna  curtain  (fig.  XI. 11. 2). 


Figure  XX. 11. 2.  For  formula  (XI.ll.l). 


RA-OOG-68 


266 


Chapter  XII 

MULTIPLE-TUNED  BROADSIDE  ARRAY 


V 


#XII.l.  Description  and  Conventional  Designations 

The  SGD  [multiple-tuned  broadside]  array  is  a  modified  SG  array  designed 
for  broadband  operation. 

One  of  the  reasons  why  t^e  SG  array  cannot  be  used  for  broadband  operation 
is  the  disturbance  of  the  equality  of  the  currents  flowing  in  the  dipoles  in 
the  different  stacks  when  there  is  a  radical  departure  from  the  specified 
wavelength.  Disturbance  of  the  normal  distribution  of  energy  between  stacks 
results  in  distortion  of  the  radiation  pattern  in  the  vertical  plane  and  a 
reduction  in  directive  gain. 

The  arrangement  of  the  SGD  array  is  such  that  the  distribution  of  energy 
between  the  stacks  retains  equality  of  currents,  in  phase  and  amplitude, 
regardless  of  th«  wavelength. 

, Figure  XII. 1.1  is  a  schematic  diagram  of  a  two-stacked  SGD  array.  As 
will  be  seen,  the  emf  is  supplied  to  the  center  of  the  vertical  feeder  con¬ 
necting  both  stacks.  With  this  sort  of  supply  arrangement  the  currents 
flowing  in  the  upper  and  lower  stacks  are  the  same,  regardless  of  the  wave¬ 
length,  provided  the  slight  unbalance  in  energy  distribution  between  the  stacks 
occasioned  by  the  ground1  is  not  taken  into  consideration. 

A  second  reason  why  the  SG  array  cannot  be  used  for  broadband  operation 
is  the  sharp  change  which  takes  place  in  the  magnitude  of  the  input  impedance 
of  the  array  with  change  in  the  wavelength,  and  as  a  consequence,  the 
disturbance  in  the  match  between  antenna  and  supply  feeder.  This  difficulty 
can  be  eliminated  from  the  SGD  array  by  using  dipoles  with  reduced  characteristic 
impedances  and  a  special  system  of  distribution  feeders. 

The  SGD  array,  like  the  SG  array,  usually  has  a  parasitic  reflector, 
and  the  distance  between  antenna  and  reflector  is  chosen  approximately  equal 
to  0.5  1  (l  is  the  length  of  one  arm  of  a  balanced  dipole).  The  reflector 
esp  be  tuned  or  untuned.  The  tuned  reflector,  as  in  the  SG  array  case,  is  a 
curtain  which  is  an  exact  duplicate  of  the  antenna  curtain,  and  is  tuned  by 
movable  shorting  plugs.  The  untuned  reflector  is  made  in  the  fora  of  a  flat 
screen,  installed  behind  the  antenna.  The  screen  is  a  grid  of  conductors 
running  parallel  to  the  axes  of  the  dipoles.  The  gx'id  should  be  dense  enough 
to  provide  the  necessary  weakening  of  the  radiation  in  the  back  quadrants 
(see  below).  The  author  developed  a  short-wave  antenna  with  an  untuned  re¬ 
flector  with  rigid  dipoles  in  19^9*  Figure  XII. 1.2  is  a  schematic  diagram  of 
a  two— stacked  array  with  untuned  reflector. 


1.  The  first  antennas  using  this  distribution  feeder  arrangement  were 
suggested  by  S.  I.  Nadenenko. 
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Figure  XII. 1.1.  Schematic  diagram  of  a  two-stacked  SGD  array 
with  four  dipoles  per  stack. 


/ 


Figure  XII. 1.2.  Schematic  diagram  of  a  two-stacked  SGD  array 
with  an  untuned  reflector. 


The  conventional  designations  with  respect  to  number  ol  stacks  and 
number  of  arms  for  the  dipoles  per  stack  in  an  SGD  array  are  the  same  as 
those  used  for  the  SG  array.  For  example,  the  SGD  array  shown  in  Figure 
XII. 1.1  is  conventionally  designated  SGD  2/4.  Figures  XIX.1.3  and  XII.1.4 
show  the-  schematics  for  SGD  2/8  and  SGD  4/2  arrays. 


•  '  ■  il  ■ 

m  ■ 

Figure  XII. 1.3.  Schematic  diagram  of  a  two-stacked  SGD  array 
with  eight  dipoles  per  stack. 
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Figure  XII. 1.4.  Schematic  diagram  of  a  four- at  a  eked  SGD  array. 
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The  use  of  a  tuned  reflector  is  indicated  by  the  addition  of  the  letters 
RN,  and  if  *v  n  untuned  reflector  is  used  by  the  letters  RA.  The  antenna 
shown  in  Figure  XI J. 1.2  is  conventionally  designated  SGD  2/4  RA. 

#XII.2.  Calculating  the  Current  Flowing  in  the  Tunable  Reflector 


The  calculation  for  the  ratio  of  the  amplitude  (m)  to  the  mutual  phase 
angle  (\ji)  for  the  currents  flowing  in  reflector  and  ..ntenna  is  made  as  in 
the  case  of  the  SG  array. 

Table  XU. 2.1  lists  the  results  of  computing  m  and  ijr  for  certain  variants 
of  the  SGDRN  array.  The  distance  between  antenna  and  reflector  was  taken 
as  equal  to  0.25AQ  (\Q  =  2l). 

The  values  for  m  and  $  listed  in  Table  XII. 2.1  correspond  to  a  maximum 
radiation  mode  in  a  direction  normal  to  the  plane  of  the  antenna  curtain. 
However,  this  cannot  be  taken  as  the  optimum  mode  because  it  brings  with  it 
large  lobes  which  form  in  the  back  quadrants. 

Table  XII. 2.1 


Antenna 

Wavelengths 

variant 

SGD  1/2  RN 


SGD  1/4  RN 


SGD  2/2  RN 


SGD  2/4  RN 


SGD  2/8  RN 


xo  0 

.81  1 

2Xq  0 

.82  1 

*0 

.785  l 

2Xq  0 

.827  1 

.95 

2X0  0 

.905  1 

*0 

H 

in 

ON 

CO 

V 

2Xq  0 

.85  1 

\> 

.91  1 

2X0  0 

.745  1 

Formulas  for  Calculating  Radiation  Patterns  and  Parameters 
of  the  SGDRN  Array 


The  field  strength  produced  by  the  SGDRN  array  in  an  arbitrary  direction 
can  be  calculated  through  the  formula* 


,<vw  ,  ,  .  ,  .  ,  sin  ( ni  cot  A  tin  o  \  . 

F.  »  ISM  cos  (a  1  cos  A  sin?)— cos  a  1  j  ■  2  _ _  v 

r  V 1  —  cos*  A  sin'  w  ,  ftd,  ,  \  ^ 

sin  I  ~  co,  A  slay) 

sin  fni—’tla  &)  ' _ _ _ 

X — l — - y  l-rm*+2mcos(ij>— ad,cosAcos«f)  X 


'(V,ln4')  ■ 


1.  See  Appendix  4. 


Xsin  (a/Z^sin  A), 


(XII.3,.1) 
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where 

I  is  the  current  flowing  in  the  current  loops  of  the  antenna  dipoles; 
c p  is  the-  azimuth  angle  of  the  beam,  read  from  the  normal  to  the  plane 
of  the  antenna  curtain; 

A  is  the  angle  of  tilt  of  the  beam; 
n^  if  the  number  of  stacks; 

nfJ  =»  n/2  is  the  number  of  balanced  dipoles  per  stack,  that  is,  the 
number  of  sections; 

d^  is  the  distance  between  the  centers  of  two  adjacent  balanced  dipoles; 
d2  is  the  distance  between  adjacent  stacks; 

is  the  distance  between  antenna  and  reflector; 
is  the  average  height  at  which  the  antenna  is  suspended, 


Hx  +  ' ("1 "  i~'  f~  •  (XII . 3  ,?) 

where 

is  the  height  at  which  the  lower  stack  of  the  antenna  is  suspended. 
Substituting  A  =  0  in  formula  (>.11.3*1 ),  and -converting,  and  dropping  the 
factors  which  are  not  dependent  on  q>,  we  obtain  the  following  expression  for 
the  radiation  pattern  in  the  horizontal  plane1 


,  .  ■  ,  ,  sin  ( 

F  h\  =*  cos(g^l^?>^~co*l,*  V  2  / 

.  c o*y  .  Udx  ..  \ 

X  Vl  +  m*  +  2m cos (<J»  —  adt cosy)  . 


(XII.3.3) 


Substituting  9  ■=  0  in  formula  (XII.3.1),  and  converting,  we  obtain  the 
expression  for  the  radiation  pattern  in  the  vertical  plane 


*In  («,  ~  (in  4  ) 

~~~ — -x 

■T  ‘ 

X  Kl  -fm*+  2/ncos(<$> —  ad*  cos  A)  sin(a//ai^in  A).  1 


(XII.3.4) 


In  the  case  of  real  ground  the  expression  for  the  radiation  pattern  in 
the  vertical  plane  becomes 


■  I  ,  V 

*m  {  n 1  — — -  «In  a  i 

/r(A)'=«/i1(l  --cos  «J) - - - X 

iin(V‘!uA) 

X  V 1  +  m*  +  2m  cos  (<j>  —  a  d}  cos  A)  X  (XII.3.5) 

X y  1  +  l/?xl’t2|^xlcos(<l»jL  —  2a^sinA) .  ’ 


1.  See  footnote  at  page  220. 
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The  directive  gain  can  be  established  through  the  formula 


D  =  S20^;^- . 


The  gain  factor  can  be  established  through  the  formula 


e  =7^ 


(XII. 3. 7) 


The  radiation  resistance  can  be  established  by  the  induced  eraf  method. 
The  computation  for  the  effect  of  the  ground  can  bs  made  on  the  basis  of  the 
assumption  that  the  ground  has  ideal  conductivity. 


XII. 4.  Formulas  for  Calculating  Radiation  Patterns,  Gain  Factor, 
and  Directive  Gain  of  the  SGDRA  Array 

The  radiation  patterns  in  the  horizontal  and  vertical  planes  can  be  cal¬ 
culated  approximately  by  replacing  the  reflector  with  the  mirror  image  of 
the  antenna,  that  is,  by  replacing  the  reflector  with  an  additional  antenna 
made  absolutely  identical  with  the  real  antenna  and  located  at  distance  2d^ 
from  it  (d^  is  the  distance  from  the  antenna  to  the  untuned  reflector). 
Currents  flowing  in  the  mirror  image  are  shifted  180®  in  phase  relative  to 
the  currents  flowing  in  the  antenna. 

With  the  introduction  of  the  mirror  image  we  can  now  calculate  patterns 
through  formulas  which  are  identical  with  formulas  (XXI. 3. l)  -  (XII. 3. 5). 

We  need  orly  change  the  facxor  in  these  formulas  which  takes  the  effect  of 
the  reflector  into  consideration.  In  formula  (XII.3.1)  this  factor  should 
be  replaced  by  the  factor  2  sin  (©d^  cos  q>  cos  4),  in  formula  (XII.3.3)  by 
the  factor  2  sin  (<yd^  cos  cp) ,  and  in  formulas  (XII. 3. 4)  and  (XII.3.5)  by  the 
factor  2  sin  (ad^  cos  &) . 

Accordingly,  the  formulas  for  the  radiation  patterns  in  the  front  half- 
npace  are  in  the  following  form: 

the  general  formula  is 


'  £  = 


in  the  horizontal  plane 


sin  n,-~—  cos  ism  y  I 
240 /  cos  (a  l  cos  A  sin  y)  —  cx» » /  12  / 

r  ’/l  —cos*  A  sin*  9  iadl  \ 

Sm  l  ~2~  C°Si  410  V 

cd,  .  \ 

— - - sin  (c tdi  cos  9  cos  A)  sin  (a  H^.sin  A); 


no)  — COS  a/  <:°*) 


sin  ^ 

ad,  .  \ 

ni~sini) 

fad,  '  \ 

sin 

1  sin  4  1 

V  2  J 

( XII. 4.1) 


cos  (cx  l  gjn  9)  - 
cos  7 


- - -i- sin  (ad, cos 9);  (XII.4.2) 

*  (=*■■•.»)  '  ■ 
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in  the  vortical  plane  when  the  ground  is  a  perfect  conductor 

iin(  ni~~- tin 

‘  (A) w  ~zrr  *=  4na(l  —  cos  at) - — - — sin  (a<f, cosA)X 

•  7*  .  sm^— -stnAj 

Xsin(a^sinA);  (XII.4.3) 

in  the  vertical  plane  when  real  ground  is  taken  into  consideration 


/■(A)  =  2n3  (1—  ccsol) 


(in  *in  A  j 

sin  sin  ij' 


sin(ad,cosA)X 


X/l-r|/?x is+2|/?x |  cos  (<1» x  - 2a //^in  A) 


(XII. 4. 4) 


The  formulas  obtained  in  this  manner  are  accurate  if  the  untuned  re- 

* 

flector  has  an  infinite  expanse  in  the  vertical  and  horizontal  directions  and 
is  a  solid,  flat  metal  screen  with  infinite  conductivity.  It  goes  without 
saying  that  these  formulas  will  only  permit  us  to  calculate  the  field  in 
the  front  half-space.  When  the  screen  expanse  is  infinite  and  impermeability 
is  total,  the  field  to  the  rear  of  the  screen  is  equal  to  zero. 

As  a  practical  matter,  because  the  screen  has  finite  dimensions,  and 
because  it  is  made  in  the  form  of  a  grid  of  parallel  conductors,  the  radiation 
pattern  charted  is  somewhat  different  than  that  charted  for  the  ideal  screen. 
Experimental  and  theoretical  investigations  have  revealed,  however,  that 
when  the  screen  dimensions  and  density  of  the  grid  conductors  are  those  we 
recommend  (see  below)  ths  real  radiation  pattern  in  the  front  half-space  will 
coincide  well  with  the  radiation  pattern  cha.  "d  on  the  basis  of  an  idealized 
screen.  Insofar  as  radiation  in  the  back  half-space  is  concerned,  this  too 
can  be  approximated  by  charting  in  the  back  half-space  lobes  which  are 
identical  with  those  in  the  diagram  for  the  front  half-s;iace,  but  at  a  scale 
reduced  by  a  factor  established  by  the  formula 


_ 

2  sin  (*  it  coifcos4) 
The  factor  in  (XII. 4. 5)  takes  the  form 


(XII.4.5) 


/r- 

2sin  (ad,  cos?) 


(XII. 4. 6) 


when  the  calculation  is  made  for  the  radiation  pattern  in  the  horizontal 
plane. 
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The  factor  in  (CXI. 4. 5)  takes  the  form 

’  Vi~ 

2iin  (  ad3  cos  A) 


(XIX. 7) 


where  6  is  the  energy  leakage  power  ratio,  when  the  calculation  is  made  for 
the  radiation  pattern  in  the  vertical  plane. 

The  formula  for  calculating  6  is  given  below  (#XII.8).  We  should  bear  in 
mind  that  6,  as  established  by  the  formula  given  below,  is  obtained  for  the 
case  of  a  plane  wave  incident  to  the  grid.  In  the  case  specified  we  are 
talking  about  leakage  of  the  field  created  by  the  dipoles,  and  which  differs 
substantially  at  the  surface  of  the  grid  from  the  field  of  the  plane  wave. 

We  should  further  note  that  the  radiation  in  the  back  half-space  is  not  only 
established  by  the  leakage  of  energy  through  the  grid,  but  also  by  the 
diffraction  of  grid  energy  because  of  the  finite  dimensions  of  the  grid, 
something  not  taken  into  consideration  when  calculating  radiation  by  the 
method  indicated. 

Nevertheless,  the  calculation  for  the  field  strength  in  the  back  half¬ 
space,  carried  out  by  the  method  described  here,  does  enable  us  to  obtain  an 
approximate  estimate  of  radiation  intensity  in  the  back  quadrants.  G.  Z. 
Ayzenberg,  in  his  monograph  titled  UHF  Antennas,  published  by  Svyaz'izdat  in 
1-957,  provides  us  with  a  more  accurate  methodology  for  charting  the  pattern 
of  an  antenna  with  an  untuned  reflector  in  Chapter  XIV  of  that  monograph. 

The  directive  gain  and  the  gain  factor  of  SGDRA  arrays  can  be  calculated 
through  formulas  (XII.3.6)  and  (XII.3.7),  substituting  the  expression  at 
(XII.4.3)  in  them  in  place  of  F(A).  The  formula  for  the  gain  factor  is  taken 

as  being  in  the  following  form 

/  ad.  .  \ 

■  n  sin*  I  n ,  — sin  A  1 

-(1— cosi/)1  — ^  sinJ(r  d3  cos  A)sin5(a  tf^sin  A):.  (xii.4.8) 

••  ,  sin* sin Aj  ■ 

The  values  for  the  magnitudes  contained  in  the  formula  were  given  in 
#XII.3.  is  calculated  with  the  effect  of  the  mirror  image  created  by  a 

parasitic  reflector  taken  into  consideration. 


#XII . 5 .  Formulas  for  Calculating  the  Horizontal  3eam  Width 

Zero  horizontal  beam  width  of  the  major  lobe  can  be  established  when  the 
condition  is  such  that  the  numerator  of  the  second  factor  in  formulas  (XII. 3 .3) 
and  ( XII. 4. 2}  is  set  equal  to  zero. 

This  condition  will  be  satisfied  upon  observance  of  the  equality 

njti.  sin <?«  =  «.  '  (XII. 5.1) 

where  <Dq  Is  the  angle  formed  by  the  radius  vector  corresponding  to  the  direction 
in  which  there  is  no  radiation  and  the  radius  vector  corresponding  to  the 
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direction  in  which  maximum  radiation  occurs. 

From  (XII. 5.1)  we  obtain  the  fact  that  zero  width  (2cpQ)  equals 

2<p0 «  2  arc  sin  — j- .  (XII. 5.2) 

(XII. 5.3) 

(Xxl.5.4) 

It  is  not  difficult  to  prove  that  the  half-power  width  equals 

(xxi.  5.5) 

By  «i,  _  is  understood  to  mean  the  angle  contained  within  the  two  radius 
■0.5 

vectors  corresponding  to  the  directions  in  which  the  field  intensity  is  less 
by  a  factor  of  ~f£  than  in  the  main  direction  (see  fig.  XII. 6. l). 


#XII.6.  SGD  Array  Radiation  Patterns  and  Parameters 

Figures  XII. 6.1  -  XII.6.14  show  a  series  of  design  radiation  patterns  in 
the  horizontal  plane. for  a  single-section  (n0  =  l),  two-section  ( n ^  »  2),  and 
four-section  (n_  =4)  SGDRA  array.  In  the  figures  \  designates  the  array’s 

C, 

so-called  principal  wave,  equal  to  2t  (shortening  of  1,  the  result  of  re¬ 
duction  in  the  phase  velocity,  not  considered). 
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Figure  XII. 6. 2.  Radiation  pattern  in  Figure  XII. 6. 3.  Radiation  pattern  in 
the  horizontal  plane  of  an  SGDRA  xhe  horizontal  plane  of  ...n  SGDRA 

array  (n„  =»  l).  array  (n„  =  l). 
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Figure  XII. 6. 4.  Radiation  pattern  in  Figure  XII. 6. 5.  Radiation  pattern  in 

the  horizontal  plane  of  an  SGDRA  the  horizontal  plane  of  an  SGDRA 

array  (n  *>  l).  array  (n„  =  l).* 
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Figure  XII. 6. 6.  Radiation  pattern  in  Figure  XII. 6.7*  Radiation  pattern  in 
tho  horizontal  piano  of  an  SGDRA  tho  horizontal  piano  of  an  SGDRA 

array  (n2  -  l).  array  (nn  -  l). 
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Figure  XII. 6.14.  Radiation  pattern  in  the  horizontal  plane  of 
an  SGDRA  array;  -  n0  =  2;  - - n  =  4. 


The  shape  of  the  radiation  patterns  in  the  horizontal  plane  in  the  front 
half-space  remains  almost  the  same  for  tuned  and  untuned  reflectors.  The 
difference  shows  up  in  the  main  in  some  increase  in  the  side  radiation  in 
the  case  of  the  tuned  reflector,  as  compared  with  that  shown  for  the  untuned 
reflector.  However,  this  difference  decreases  with  increase  in  the  number 
of  sections.  Figures  XII. 6. 15  -  XII. 6. l8  show  radiation  patterns  in  the 
horizontal  plane  for  a' single-section  SGDRN  array,  charted  on  the  assumption 
that  the  m  and  ^  values  correspond  to  the  maximum  e  magnitude. 
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Figure  XII. 6.15-  Radiation  pattern 
in  the  horizontal  plane  of  an  SGDRN 
array  (n,,  =  l). 


Figure  XII. 6. 16.  Ra^l^tion  pattern 
in  the  horizontal  plane  of  an  SGDRN 
array  (n2  =  l). 


Figures  XII. 6.19  -  XII. 6. 28  show  the  design  radiation  patterns  in  the 
vertical  plane  of  single- stacked  { n =  l)  SGDRA  and  SGDRN  antennas.  Figures 
XII. 6. 29  -•  XII. 6.42  show  a  series  of  radiation  patterns  in  the  vertical  plane 
for  two-stacked  (n^  =  ?.)  and  four-stacked  (n^.  =  4)  SGDRA  arrays.  When  n  >  2, 
the  shape  of  the  radiation  pattern  in  the  vertical  plane  in  the  front  half¬ 
space,  and  particularly  within  the  limits  of  the  major  lobe,  is  little  de¬ 
pendent  on  the  type  of  reflector,  so  figures  XII. 6. 28  -  XII. 6. 42  are  also 
characteristic  of  radiation  patterns  in  the  vertical  plane  of  two-stacked  and 


Figure  XII. 6. 21.  Radiation  patterns  in  the  vertical  plane  of  a 

single- stacked  SGDRA  array,  with  antenna  dipoles 
suspended  at  height  H  =  0.5  Xq. 


Figure  XII. 6. 22.  Radiation  patterns  in  the  vertical  plane  of  a 

single- stacked  SGDRA  array,  with  antenna  dipoles 
suspended  at  height  H  =  0.75  Xg» 


Figure  XII. 6. 23.  Radiation  patterns  in  the  vertical  plane  of  a 

single-stacked  SGDRA  array,  with  antenna  dipoles 
suspended  at  height  H  =  0.75 


Figure  XII. 6.24.  Radiation  patterns  in  the  vertical  plane  of  a 

single-stacked  SGDRA  array,  with  antenna  dipoles 
suspended  at  height  H  =  0.75  Xq* 


Figure  XII.6.25*  Radiation  patterns  in  the  vertical  plane  of  a 

single-stacked  SGDRA  array,  with  antenna  dipoles 
suspended  at  height  H  >=  Xq* 


Figure  XII. 6. 26.  Radiation  patterns  in  the  vertical  plane  of  a 

single- stacked  SGDRA  array,  with  antenna  dipoles 
suspended  at  height  H  *  \n. 
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Figure  XII. 6. 27.  Radiation  patterns  in  the  vertical  plane  of  a 

single-stacked  SGDRA  array,  with  antenna  dipoles 
suspended  ax;  height  H  =  \  . 
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Figure  XII. 6. 28.  Radiation  patterns  in  the  vertical  plane  of  a 

two-stacked  SGDRA  array;  lower  stack  of  array  suspended 
at  height  =  0.5  XQ. 
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Figure  XII. 6.29.  Radiation  patterns  in  the  vertical  plane  of 

a  two-stacked  SGDRA  array;  lower  stack  of  array 
suspended  at  height  H  »  0.5  XQ. 
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Figure  XII, 6. 30.  Radiation  patterns  in  the  vertical  pliuie  of  & 
tvo-stacked  SGDRA  array;  lower  stack  of  array 
suspended  at  height  =  0.5  XQ. 


Figure  XII. 6.31.  Radiation  patterns  in  the  vertical  plane  of  a 
two-stacked  SGDRA.  array;  lower  stack  of  array 
suspended  at  height  =  0.75  XQ* 
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Figure  XII. 6.32.  Radiation  patterns  in  the  vertical  plane  of  a 
two-stacked  SGDRA  array;  lower  stack  of  array 
suspended  at  height  H  «  0.75  X  • 
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Figure  XII. 6.36.  Radiation  patterns  in  the  vertical  plane  of  a 
two-stacked  SGDRA  array;  lower  stack  of  array 
.  suspended  at  height  H  =  X . 
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Figure  XII. 6.37. 


Radiation  patterns  in  the  vertical  plane  of  a 
four-stacked  SGDRA  array;  ■  ■  H  *  X.; 

-  H1  =  1.5  XQ. 


Figure  XII. 6. 38. 


Radiation  patterns  in  the  vertical  plane  of  a 
four-stacked  SGDRA  array;  •  ■  —  fl 
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Figure  XII. 6. 39.  Radiation  patterns  in  the  vertical  plane  of 

four-stacked  SGDRA  array;  -  H  =  X  ; 

1  0 


-  Hx  =  1.5  XQ. 
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Figure  XII.C.40.  Radiation  patterns  in  the  vertical  plane  of 
four-stacked  SGDRA  array;  . . —  . 
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Figure  XXI.6.41.  Radiation  patterns  in  the  vertical  plane  of 
four-stacked  SGDRA  array ;  — — -  H,  »  \  5 
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Figure  XII. 6. 42.  Radiation  patterns  in  the  vertical  plane  of  a 
four-stacked  SGDRA  array;  — 


H1  “  1,5  X0* 


H1  "  V 


Figures  XII. 6. 43  and  XII. 6. 44  show  a  series  of  curves  which  characterize 
the  gain  factors  of  SGD  l/2  RA  and  SGD  l/4  RA  arrays. 

The  gain  factor  of  the  SGD  1/2  RN  array  is  approximately  equal  to  the  ■ 
value  of  the  gain  factor  of  the  balanced  dipole  without  reflector,,  Data  on 
the  gain  factor  of  a  balanced  dipole  are  given  in  Chapter  IX. 

Figure  XII. 6. 45  shows  the  curves  which  characterize  the  gain  factor  of 
the  SGD  2/4  RA  array. 

The  gain  factor  of  the  SGD  2/8  RA  array  is  approximately  double  that 
of  the  SGD  2/4  RA  array. 

Investigations  using  decimeter  models  revealed  that  the  gain  factor  of 
an  SGD  2/4  RN  array  is  20  to  25#  less  than  that  of  the  SGD  2/4  RA  array. 

The  gain  factor  of  the  SGD  2/8  RN  is  approximately  15#  less  than  the 
gain  factor  of  an  SGD  2/8  RA  antenna. 

As  the  models  showed,  the  gain  factor  of  the  SGD  4/4  RN  array  is  10  to 
20%  lt.ss  than  that  of  the  SGD  4/4  RA  array.  It  can  be  assumed  that  the  gain 
factor  of  the  SGD  4/8  RN  array  is  approximately  10%  less  than  the  gain  factor 
of  the  SGD  4/8  RA  array. 


Figure  XII. 6.43* 

Dependence  of  the  maximum  gain 
of  an  SGD  l/2  RA  array  on  the 
wavelength. 
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Figure  XII. 6.44. 


Dependence  of  the  maximum  gain  of  an  S6D  1/4  RA 
array  on  the  wavelength. 
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Figure  XII. 6. 45.  Dependence  of  the  maximum  gain  of  an  SGD  2/4  RA 
array  on  the  wavelength. 


Figure  XTI.6.46.  Dependence  of  the  maximum  gain  of  an  SGD  4/4  RA 
K  array  on  the  wavelength. 


;WCII.7.  Matching  the  Antenna  to  the  Supply  Line.  Making  Dipoles  and 
Distribution  Feeders.  Land  in  which  SGD  Antenna  Can  be  Used. 

The  arrangement  of  the  SGD  antennas  is  such  that  they  can  be  used  over 
an  extremely  wide  frequency  range.  As  a  practical  matter,  satisfactory 
directional  properties  can  be  provided  starting  at  a  wavelength  of  0.75  Xq 
and  on  up  to  wavelengths  of  3  XQ  and  higher.  However,  as  the  wavelength  is 


increased  the  radiation  patterns  in  the  horizontal  and  vertical  planes  expand, 
and  the  directive  gain  drops  off  accordingly.  Limiting  wavelengths,  at  which 
directional  properties  and  gain  factor  are  considered  acceptable,  are 
established  by  concrete  conditions  and  specifications  regarding  radiation 
pattern  shape. 

In  addition  to  directional  properties,  the  band  in  which  used  is  deter" 
mined  by  the  need  to  provide  a  good  match  between  antenna  and  supply  line. 

SGD  antennas  are  still  used  for  transmission,  primarily,  so  the  traveling 
wave  ratio  on  the  supply  line  must  be  at  least  0.5  if  the  transmitter  is  to 
function  normally  and  if  it  is  to  continue  to  do  so  as  meteorological  con" 
ditions  vary.  It  is  permissible,  in  extreme  cases,  to  reduce  the  traveling 
wave  ratio  to  0.3  to  0.4.  A  high  traveling  wave  ratio  can  be  provided  for 
any  wavelength  in  the  band  by  using  the  corresponding  tuning  elements,  but 
their  use  makes  antenna  operation  complicatod  bccauso  the  tuning  elements 
must  be  retuned  when  the  wavelength,  is  changed.  The  use  of  retunable  elements' 
in  the  SGDRA  antenna  is  particularly  undesirable.  The  principal  advantage 
of  the  SGDRA  antenna  over  the  SGDRN  antenna  is  the  absence  of  reflector 
tuning  elements.  The  use  of  tuning  elements  in  the  traveling  wave  mode 
vitiates  this  advantage  to  a  considerable  degree.  What  has  been  said  in 
this  regard  is  why  it  has  come  to  be  accepted  to  make  SGD  antennas  in  such 
a  way  that  a  high  traveling  wave  ratio  is  obtained  within  the  limits  of  a 
wide  operating  frequency  range  without  tho  use  of  special  tuning  elements. 

Used  for  the  purpose  are  dipoles  with  reduced  characteristic  impedances 
and  a  specially  selected  system  of -distribution  feeders.  The  distribution 
feeders  are  stepped  to  improve  the  match.  Each  step  is  equal  to  0.25 
Difference  combinations  of  dipoles  and  distribution  feeders,  for  which  satis¬ 
factory  match  with  the  transmission  line  can  be  obtained,  are  possible. 

It  should  be  emphasized  that  the  lower  the  characteristic  impedance 
of  the  dipoles,  the  better  the  possibility  of  obtaining  a  good  match  between 
antenna  and  transmission  line.  However,  reduction  in  the  characteristic 
impedance  of  the  dipoles  result*  in  making  the  antenna  curtain  heavier. 
Moreover,  reduction  in  the  characteristic  impedance  of  the  dipoles  require* 
a  corresponding  reduction  in  the  characteristic  impedance  of  the  transmission 
lines,  and  this  brings  with  it  additional  complexity  and  weight  of  the  an¬ 
tenna  curtain.  So,  what  happens  is  an  attempt  to  get  a  good  match  between 
the  antenna  and  the  transmission  line  without  making  too  great  a  reduction 
in  the  characteristic  impedances  of  the  dipoles. 

Figures  XII. 7.1  -  XII. 7. 3  show  one  possible  way  in  which  distribution 
lines  can  be  installed,  as  well  as  the  magnitudes  of  the  characteristic  im¬ 
pedances  of  dipoles  for  SGD  l/2  RA,  SGD  2/4  RA,  and  SGD  4/4  RA  antennas. 
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Figure  XII. 7.1.  Schematic  diagram  of  an  SGD  1/2  RA  antenna. 

Distance  between  dipoles  and  reflector  0.2?  X 

A  -  length;  B  -  ohms. 


Figure  XII. 7. 2.  Schematic  diagram  of  an  SGD  2/4  RA  antenna. 

Distance  between  dipoles  and  reflector  0.27  X 
Diameter  of  conductors  3  to  5  mm.  * 

A  -  length;  B  -  ohms. 


Figure  XII. 7. 3.  Schematic  diagram  of  an  SGD  4/4  RA  antenna. 

Distance  between  dipoles  and  reflector  0.3  X 

A  -  length;  3  -  ohms. 
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The  distribution  lines  for  similar  SGDRN  antennas,  which  use  dipoles 
with  the  same  characteristic  impedances,  con  be  made  similarly.  The  distri¬ 
bution  lines  for  tunable  reflectors  are  made  in  the  same  way  as  are  the 
distribution  lines  for  the  corresponding  antennas. 

The  distribution  lines  for  the  SGD  1/4  R,  SGD  2/8  R,  and  SG£>  4/8  R 
antennas  are  made  with  two  branches,  each  of  which  is  made  exactly  as  if  it 
were  for  the  SGD  1/2  R,  SGD  2/4  R,  and  SGD  4/4  R  antennas,  respectively. 

The  match  of  these  two  halves  with  the  transmission  line  can  be  provided 

and  retained  by  using  the  corresponding  exponential  or  step  feeder  transformers. 

As  we  see  from  figures  XII. 7.1  -  XII. 7.3,  the  dipoles  have  characteristic 
impedances  of  280,  350,  and  470  ohms.  Figure  XII. 7. 4  shows  the  sketches  of 
possible  variants  in  making  dipoles  with  these  characteristic  impedances. 


Figure  XII. 7. 4.  Sketches  of  possible  variants  using  dipoles  with 
characteristic  impedances  W.  equal  to  280,  350, 
470  ohms.  1 


Figure  XII. 7. 5  through  XII. 7. 7  show  the  experimental  curves  of  the  re¬ 
lationship  between  the  traveling  wave  ratio  on  the  transmission  line  and  the 
X/X0  ratio,  taken  from  decimeter  models. 


Figure  XII. 7. 5.  Experimental  curve  of  the  traveling  wave  ratio  on 

the  transmission  line  to  an  SGD  l/2  RA  antenna  made 
in  accordance  with  the  diagram  in  Figure  XII. 7.1. 
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Figure  XII >7.6.  Experimental  curve  of  the  traveling  wave  ratio 

on  the  transmission  line  to  an  SGD  2/4  RA  antenna 
made  in  accordance  with  the  diagram  in  Figure  XII. 7*2. 


Figure  XII. 7. 7.  Experimental  curve  of  the  traveling  wave  ratio 
on  the  transmission  line  to  an  SGD  4/4  RA 
antenna. 

These  curves  were  taken  for  the  case  of  untuned  reflectors,  but  the 
traveling  wave  ratio  curves  for  tuned  reflectors  are  approximately  the  same. 

The  transmission  line  has  a  characteristic  impedance  of  275  ohms  in  the 
sketches  shown  for  making  distribution  lines,  the  only  exception  being  that 
in  Figuro  XII. 7.1.  This  is  the  characteristic  impodnnco  of  a  4-wiro 
crossed  line  made  using  a  6  mm  diameter  conductor  and  a  cross  section  measure¬ 
ment  for  one  side  of  the  square  transmission  line  equal  to  30  cm.  If  it  is 
desirable  to  feed  the  antenna  over  a  two-wire  line  with  a  characteristic  im¬ 
pedance  of  600  ohms,  we  should  use  an  exponential  or  step  feeder  transformer 

to  make  the  transition  from  W  =  275  ohms  to  W_  =  600  ohms. 

r  F 

These  curves,  showing  the  match  between  the  antenna  and  the  supply 
feeder,  are  the  basit  for  establishing  the  band  in  which  the  antenna  can  be 
used..  As  was  pointed  out  above,  the  band  in  which  the  antenna  can  be  used 
is  usually  limited  by  an  area  in  which  the  traveling  wave  ratio  does  not  go 
below  0.3  to  0.5.  Local  conditions  govern  how  much  more  precision  must  go 
into  requirements ’ for  increasing  the  traveling  wave  ratio. 

It  must  be  noted  that  under  actual  conditions,  because  of  the  different 
variations  which  take  place  in  the  design  formulations  of  dipoles,  insulators, 
bends  in  distribution  lines,  and  the  like,  some  deviation  between  real  values 
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for  the  traveling  wave  ratio  and  those  shown  in  the  figures  is  possible. 

For  this  reason,  the  curves  shown  here  for  the  match  between  antenna  and 
feeder  must  be  taken  as  tentative. 

The  distance  between  dipoles  and  reflectors  in  two-stacked  and  four- 
stacked  SGDRA  arrays  is  usually  taken  as  equal  to  0.27  to  0.3  XQ.  Note  that 
the  magnitude  of  the  distance  bexween  reflector  and  antenna,  d^,  has  a 
substantial  effect  on  the  match  with  the  feeder.  The  average  over  the  band 
is  that  a  reduction  in  d^  results  in  a  reduction  in  traveling  wave  ratio  on 
the  feeder.  The  value  for  d^  shown  in  figures  XII. 7. 2  and  XII. 7. 3  was  chosen 
in  order  to  obtain  a  good  match.  Further  increase  in  d^  is  accompanied; by 
deterioration  in  the  directional  properties  of  the  antenna  at  the  short;- 
wave  edge  of  the  band  in  which  the  antenna  is  being  used  and,  in  addition, 
results  in  a  heavier  antenna  structure.  • 


//XI 1. 8.  Making  an  Untuned  Reflet  or 

As  we  have  already  pointed  out  above,  the  untuned  reflector  is  .  ..  1  in 
the  form  of  a  flat  grid  of  conductors  paralleling  the  axes  of  the  dipoles. 
Density  of  the  conductors  used  to  make  the  grid  is  selected  such  that  the 
energy  leakage  through  the  grid  dies  not  exceed  some  predetermined  magnitude* 
The  methodology  to  be  used  to  compute  energy  leakage  through  the  grid 
of  the  roflector  used  in  the  broadside  array  has  not  yet  been  finalized, 
but  an  approximate  determination  can  bo  made  if  it  is  assumed  that  it  will 
be  approximately  what  it  is  in  the  case  of  normal  incidence  of  a  plane  wave 
on  a  grid  of  infinite  span.  The  energy  of  a  plane  wave  penetrating  a  grid 
of  infinite  span  can  be  established  through  the  formula^ 


1  1  * 

,+ 

a 


(xii.8.1) 


6  is  the  ratio  of  the  square  of  the  field  strengJ'h  of  the  wave 
leaking  through  the  grid  to  the  square  of  the  fielu  strength  of, 
the  incident  wave; 

a  is  the  distance  between  adjacent  conductors  in  the  grid; 
r^  is  the  radius  of  the  conductors  in  the  grid 

Assuming  energy  losses  must  not  exceed  5#:  and  taking  it  thct  only  half 
of  the  energy  radiated  by  the  antenna  curtain  is  directed  toward  the  grid, 
we  obtain  the  following  equation  for  finding  a  and  r^, 


A  1  «' 

1  4.  -  .  — — — — 

2a  In  2*  A  ' 

a 


(xii.8.2) 


1.  G.  Z.  Ayzenberg.  Ultra-Short  Wave  Antennas.  Svyaz'izdai,  1957, 
#2.XXI. 


The  values  for  a  and  are  usually  selected  in  such  a  way  that  the  re¬ 
lationship  at  (XII.8.2)  is  satisfied  for  the  shortest  wavelength  in  the  band 
in  which  the  antenna  is  used.  This  requires  an  a  equal  to  0.07  Xq,  approxi¬ 
mately.  If  operating  conditions  are  such  that  the  requirement  is  to  devote 
particular  attention  to  weakening  radiation  in  the  rear  quadrants,  then  it 
is  desirable  to  double  the  density  of  the  conductors  (a  sa  0.035  Xq)* 

Experimental  investigations  have  turned  up  the  fact  that  in  reality 
the  energy  leakage  through  the  grid  is  somewhat  less  than  would  follow  from 
tho  calculation  mado  in  tho  manner  indicated.  Roflcctor  dimensions  (height 
and  width)  are  selected  as  small  as  necessary,  which  is  to  say  such  that 
the  gain  factor  provided  will  be  as  close  to  maximum  as  possible  for  the 
average  for  the  band.  Strictly  speaking,  every  wavelength  has  its  own  optimum 
reflect or  dimensions.  Dimensions  are  selected  with  the  entire  operating  range 
taken  into  consideration. 

The  experimental  investigations  have  made  it  possible  to  provide  re¬ 
commendations  dealing  with  the  selection  of  reflector  dimensions,  and  these 
dimensions  are  shown  in  figure  XII. 7.1  through  XII. 7-3- 

#XII.9«  Suspension  of  Two  SGDRA  Arrays  on  Both  Sides  of  a  Reflector 

SGDPA  arrays  can  be  used  for  operating  in  two  opposite  directions. 

This  requires  suspending  two  curtains,  one  on  either  side  of  an  untuned  re¬ 
flector.  When  two  such  curtains  are  suspended  all  the  data  concerning  di¬ 
poles,  distribution  lines,  and  the  reflector  remain  as  they  were  for  one 
curtain  suspended  on  one  side  of  the  reileclor.  The  exception  is  the  sise 
of  a  (the  distance  between  adjacent  conductors  in  the  reflector).  It  is 
desirable  to  reduce  it  somewhat  in  order  to  loosen  the  coupling  between  the 
antennas. 

However,  if  a  concentration  of  reflector  conductors  is  such  that  the 
voltage  across  the  supply  feeder  for  the  parasitic  array  is  not  in  excess 
of  1055  of  the  voltage  across  the  supply  feeder  for  the  driven  antenna  and 
if  this  is  considered  to  be  adequate,  then,  as  the  research  has  shown,  the 
above  indicated  value  a(0.035  Xq)  is  entirely  acceptable. 

The  radiation  patterns  in  the  horizontal  plane  shown  in  #XII.6  were  com¬ 
puted  on  the  assumption  that  a  a  0.035  Xq* 

#XII.10.  SGD  Antenna  Curtain  Suspension 

What  was  said  above  with  respect  to  the  supports  and  stays  for  the  SG 
antenna  applies  equally- well  to  the  SGD  antenna.  If  the  guys  and  stays  are 
sectioned,  each  section  should  be  selected  on  the  basis  of  the  shortest  wave¬ 
length  in  the  range  in  which  the  antenna  will  be  used.  Figure  XII. 10.1  is 
a  sketch  of  an  SGD  4/4  RA  array  suspended  on  metal  masts.  The  guys  are  not 
shown  in  the  figure. 
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Figure  XII. 10.1.  Sketch  of  an  SGD  4/4  RA  array  (puys  not  shown). 

It  must  be  noted  at  thia  point  that  the  deaign  of  the  SGDRH,  and  particularly 
that  of  the  SGDRA  antenna,  is  not  yet  final. 


#XII.ll.  SGDRA  Arrays  of  Shunt-Fed  Rigid  Dipoleg 

The  multiple-tuned  shunt  dipole,  the  feature  of  which  ia  its  widespread 
use  over  a  wide  frequency  range,  was  described  in  Chapter  IX.  Expansion  in 
the  band  can  be  established  by  making  the  beat  match  with  the  feeder  in  the 
rarge  of  small  values  for  the  \/\  ratio  ( t  ia  the  length  of  a  dipole  arm) . 

SGDRA  arrays  can  be  built  using  rigid  multiple-tuned  shunt  dipoles,  and  it 
is  thus  possible  to  obtain  a  broader  working  range,  within  the  limits  of  which 
a  satisfactory  match  with  the  feeder  is  ensured.  It  ia  desirable  to  secure 
rigid  multiple-tuned  shunt  dipoles  directly  to  a  metal  support  (fig.  XXX.ll.l). 

One  possible  variant  in  shunt  dipole  use  is  shown  in  Figure  XXI.Ia.2. 

The  angle  between  the  arms  of  the  dipole  and  the  shunt  can  be  changed  over 
broad  limits,  from  0*  to  45".  The  experimental  data  cited  in  what  follows 
are  for  the  case  when  this  angle  is  equal  to  33* • 

Figure  XXI. 11 .3  is  a  sketch  of  an  SGD  4/4  RA  array  made  of  rigid  shunt 
dipoles. 

Figure  XII. 11. 4  is  the  experimental  curve  characterizing  the  match  with 
the  feeder  for  an  SGD  4/4  RA  antenna  made  in  the  manner  described  and  taken 


© 


£ox  «  decimeter  node! .  'inis  curve  was  obtained  for  distribution  and 
feeders  made  in  accordance  with  the  data  shown  in  Figure  XII.11.5. 


Figure  XII. 11# 2.  Variant  in  Raking  a  biconical  shunt  dipole. 
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Figure  XII. 11. 3.  Sketch  of  an  SGD  4/4  RA  array  using  rigid  shunt 
dipoles  (guys  not  shown).  Only  primary 
distribution  feeders  are  shown. 


Figure  XII. 11. 4.  Experimental  curve  of  the  dependence  of  the 

traveling  wave  ratio  on  the  supply  feeder  for  an 
SGD  4/4  RA  army  of  rigid  dipoles  on  i/\. 
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Figure  XII. 11. 5.  Schematic  diagram  of  feed  to  an  SGD  4/4  RA 
array  of  rigid  dipoles. 


#XII.12.  Receiving  Antennas 

SGDRN  arrays,  and  particularly  the  SGDRA  array,  can  be  used  for  reception. 
The  actual  length  of  an  SGD  receiving  antenna  can  be  calculated  through 
formula  (VI .8.5). 

Receiving  antennas  can  be  made  in  the  same  way  as  transmitting  antennas. 
The  match  between  antenna  and  feeder,  which  for  reception  usually  has  a 
characteristic  impedance  of  208  ohms,  can  be  improved  by  using  an  exponential 
or  step  feeder  transformer.  When  the  SGDRA  array  is  used  for  reception  it 
is  desirable  to  reduce  the  a  dimension  (the  distance  between  adjacent  reflector 
conductors)  in  order  to  weaken  the  signals  received  from  the  back  half-space. 

It  is  recommended  that  the  a  dimension  be  reduced  to  the  magnitude  0.02  XQ. 


#XII.13.  Broadside  Receiving  Antennas  with  Low  Side- Lobe  Levels 

As  is  known,  non-uniform  distribution  of  current  amplitudes  in  the  antenna 
dipoles  can  result  in  a  sig'ificar.t  reduction  in  the  side-lobe  levels  asso¬ 
ciated  with  broadside  antennas.  Side-lobe  levels  can  be  reduced  if  the  amplitude 
of  the  currents  is  reduced  from  the  central  dipoles  to  the  end  dipoles.  But 
this  also  bring  with  it  some  expansion  in  the  major  lobe  and  a  reduction  in 
the  gain  factor  associated  with  that  expansion.  If  the  distribution  law  is 
properly  selected  the  amplitudes  of  the  current  can  be  such  that  we  can  have 
a  sharp  reduction  in  the  side-lobe  levels  for  a  comparatively  small  reduction 
in  the  gain  factor. 

Use  of  the  Dolph-Chebyshev  method  to  select  the  law  of  distribution  of 
the  currents  flowing  in  broadside  antennas  will  yield  extremely  effective  re¬ 
sults*  This  method  makes  it  possible  to  select  that  amplitude  distribution 
for  a  specified  number  of  dipoles  at  which  the  side-lobe  levels  will  not  exceed 
the  specified  magnitude  for  the  least  expansion  in  the  major  lobe  (for  a  de¬ 
tailed  description  of  the  Dolph-Chebyshev  method  see  G.  Z.  Ayzenberg,  Ultra- 
Short  Wave  Antennas.  Svyax'izdat,  1957|  Chapter  IX,  p.  189). 


RA-008-68 


297 


Figure  XII. 13.1  is  a  schematic  of  an  SGD  n^/l6  (eight  balanced  dipoles 

in  one  stack;  n„  »  8)  antenna  .  amplitudes  distributed  in  accordance  with 

the  Dolph-Chebyshev  method.  The  relationships  between  the  amplitudes  of  the 

currents  flowing  in  the  dipoles  are  shown  by  the  numbers  in  the  figure.  These 
» 

relationships  were  taken  from  the  above-indicated  monograph  (p.  197*  Table  I. IX) 
for  an  8-element  antenna  and  for  a  side-lobe  level  of  30  db. 


tui  mu  mot  i 


mos  m  tm 


£31  CPU  I  1£3  r  TZ3  r 

*-h —  Mf— -  L.rziJ 


Figure  XII. 13.1.  Schematic  of  the  SGD  n^/l6  R  broadside  array  with 
current  amplitude  distributed  in  accordance  with 
the  Dclph-Chebyshev  method.  For  reasons  of  simplicity 
only  the  dipoles  in  one  stack  have  been  shown. 

I,  II,  III  -  exponential  or  step  transformers;  co¬ 
efficients  of  transformation  characteristic  impedances: 
I  -  V/T  =  1.512;  II  -  -  3.8;  III  -  -  4.9* 

The  radiation  pattern  of  an  antenna  with  a  Dolph-Chebyshev  current 
distribution  can  be  charted  through  the  formula 


F  (?)  =  /,{?)  ft  (?)  cos  (Ai  arc  cos  x  z,). 


(XII. 13.1) 


if  jxz  |  <  1,  and  through  the  formula 


F(<?)  -  AO?)  /* (?) ch  (M arc ch x c»), 


(XII.  13. 2) 


if  |xzQ|  >  1. 

Here 

x  ■»  cos  ^  —■  sin  <? 

where 

d  is  the  distance  between  the  centers  of  adjacent  dipoles; 

cp  is  the  angle  formed  by  the  direction  of  the  beam  and  the  normal  to 
the  plane  of  the  artenna* 

*-ch(i.ar«l>T').  (m.i3.3> 

5  is  the  specified  minimum  ratio  of  field  strength  in  the  direction 

of  the  maximum  for  the  major  lobe  to  the  field  strength  in  the  direction 
of  the  maximum  for  the  side  lobe; 


Iff1*1!  ■■  ••j-* j-  l'---  • 
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M  is  the  degree  of  the  polynomial  (in  the  case  specified  M  -  -  1); 

f^ (cp)  is  a  factor  which  takes  the  directional  properties  of  a  balanced 
dipole  into  consideration  [the  first  factor  in  formula  (XII.4.2)]; 
f  (<p>  is  a  factor  which  takes  the  effect  of  the  reflector  into  consideration 
[the  last  factor  in  formula  (XII.4.2)]. 

Figures  XII. 13.2  -  XII. 13. 5  contain  a  series  of  radiation  patterns 
charted  for  the  case  of  the  untuned  reflector  and  using  the  formulas  cited. 
Distance  from  the  dipoles  to  the  reflector  was  taken  os  equal  to  0.7  [,  where 


(  is  the  length  of  one  arm  of  the  dipole. 

rtfifl 


Figure  XII. 13* 2.  Radiation  pattern  of  a  broadside  array  consisting 
of  8  balanced  dipoles  in  one  stack.  Current  dis¬ 
tribution  among  the  antenna  dipoles  in  accordance 
with  che  Dolph-Chebyshev  method  for  X  -  2i  ( l  - 
length  of  a  dipole  arm).  Distance  from  antenna 
curtain  to  reflector  0.7  t •  Dotted  lines  show  the 
radiation  pattern  for  this  same  broadside  array 
with  uniform  current  distribution. 


The  relationship  between  the  current  amplitudes  for  these  patterns  is 
shown  in  Figure  XXI.13.1. 

As  will  be  seen,  when  current  amplitudes  are  distributed  according  to 
the  Dolph-Chebyshev  method  there  will  be  a  substantial  reduction  in  the 
side-lobe  level. 

Current  amplitudes  can  be  Dolph-Chebyshev  distributed  by  the  corresponding 
selection  of  the  characteristic  impcdancos  of  tho  parallel  distribution  feeder®. 
At  the  same  time,  we  must  bear  in  mind  that  the  ratio  of  the  amplitudes  of 
currents  flowing  in  the  dipoles  of  parallel  branches  is  inversely  proportional 
to  the  square  root  of  the  characteristic  impedances  of  the  corresponding 
distribution  feeders, 


U 

‘u 


(XII. 13.4) 


where 


1 


1 


and  are  the  currents  flowing  in  the  dipoles  of 
branches  with  characteristic  impedances 


two  parallel 
and  W  . 
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Figure  XII.13.3. 


Radiation  pattern  of  a  broadside  array  consisting 
of  8  balanced  dipoles  in  one  stack.  Current  dis¬ 
tribution  among  the  antenna  dipoles  in  accordance 
with  the  Dolph-Chebyshev  method  for  X  “  3 1  (t  - 
length  of  a  dipole  arm).  Distance  from  antenna 
curtain  to  reflector  0.7  t.  Dotted  lines  show  the 
radiation  pattern  for  this  same  broadside  array 
with  uniform  current  distribution. 
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Figure  XII. 13*4.  Radiation  pattern  of  a  broadside  array  consisting 
of  8  balanced  dipoles  in  one  stack.  Current  dis¬ 
tribution  among  the  antenna  dipoles  in  accordance 
with  the  Dolph-Chebyshev  method  for  X  *  4t  (l  - 
length  of  a  dipole  arm).  Distance  from  antenna 
curtain  to  reflector  0.7  l.  Dotted  lines  show  the 
radiation  pattern  for  this  same  broadside  array 
with  uniform  current  distribution. 

The  proportion  at  (XII.13.4)  is  valid  if  the  arguments  for  total  impedances 
of  parallel  branches  are  identical.  The  necessary  selection  of  characteristic 
impedances  can  be  made  using  exponential  or  step  transformation  feeders. 

Bear  in  mind  that  the  actual  relationship  between  dipole  current 
amplitudes  can  be  considerably  disturbed  by  the  mutual  effect  of  the  dipoles 
themselvee,  as  well  as  by  inaccuracies  in  making  the  dipoles  and  the  distri¬ 
bution  feeders..  The  latter  results  in  non-identity  of  the  9X'  ->ents  for 
.the  impedance  of  individual  sections  and  branches  of  the  anten.  This  set 
of  circumstances  can  cause  the  side-lobe  level  to  increase. 

Side-lobe  level  can  also  be  increased  by  the  antenna  effect  of  distribution 
and  supply  feeders.  Obviously,  local  terrain  and  construction  of  installations 
on  the  antenna  field  too  have  a  considerable  effect  on  side  .ie  level. 
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Figure  XII. 13. 5.  Radiation  p.ittorn  of  a  broadside  array  consisting 
of  8  balanced  dipoles  in  one  stack.  Current  dis¬ 
tribution  among  tne  a  .  dipoles  in  accordance 

with  the  Dol ph-Chebyshev  method  for  \  =  6t  ([  - 
length  of  a  dipole  arm).  Distance  from  antenna 
curiam  to  reflector  0.7  t.  Dotted  lines  show  the 
radiation  pattern  for  this  same  broadside  array 
with  unifoim  current  distribution. 
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Figure  XII. 13. 6.  Schematic  diagram  of  how  a  broadside  array  consisting 
of  8  sections  with  current  distribution  in  accordance 
with  the  Dolph-Chebyshev  method  is  connected  to  the 
receiver. 

1  -  receiver;  2  -  to  receiver;  3  ”  sections  as 
noted;  4  -  artificial  lines  for  phase  adjustment; 

.  -  amplifier;  II  -  attenuator;  III  -  decoupling 
resistance . 


We  do  not,  at  this  time,  have  enough  experience  in  building  and  using  short¬ 
wave  broadside  antennas  with  low  side-lobe  levels.  We  can,  however,  emphasize 
the  fact  that  antennas  made  in  the  manner  described  will  have  a  much  lower 
side-lobe  level  if  they  are  provided  with  sufficiently  dense  untuned  reflectors, 
and  their  use  will  result  in  a  substantial  increase  in  the  line  noise 
stability. 

Note  too  tnat  we  can  regulate  amplitude  distribution  by  inserting  pure 
resistance  in  the  corresponding  branches,  thus  absorbing  part  of  the  energy. 

The  capabilities  provided  by  antennas  using  the  Dol ph-Chebyshev  current 
distribution  arrangement  can  be  utilized  to  best  advantage  if  a  system  of 
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amplifiers,  attenuators,  and  phase-’shifters  is  used,  figure  XIX. 13.6  is  the 
schematic  arrangement  of  such  an  array  consisting  of  eight  sections. 

We  obtain  the  needed  distribution  of  current  amplitudes  by  making  the 
corresponding  adjustments  to  the  attenuators.  The  radiation  patterns  can  be 
controlled  by  the  fihase-shifter  system. 

It  is  possible  to  use  the  same  antenna  with  a  number  of  receiver?,  and 
at  the  same  time  have  each  receiver  set  UP  for  a  specified,  or  adjusted 
direction  of  maximum  reception.  Figure  XII. 13.6  shows  the  case  of  parallel 
operation  of  two  receivers. 

It  goes  without  saying  that  the  arrangement  described  here  can  also  be 
used  when  the  number  of  dipoles  in  one  stack  is  different  from  eight. 
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Chapter  XIII 


THE  RHOMBIC  ANTENNA 


#XXII.l.  Description  and  Conventional  Designations 

The  rhombic  antenna  is  in  the  form  of  a  rhombus,  or  diamond,  suspended 
horizontally  on  four  supports  (fig.  XIII. l.l). 

An  emf  is  supplied  to  one  of  the  acute  angles  of  the  rhombus,  and  pure 
resistance,  equal  to  the  characteristic  impedance  of  the  rhombus,  is  connected 
tc  the  other  acute  angle.  Maximum  radiation  is  in  the  vertical  plane  passing 
through  the  apexes  of  the  acute  angles  of  the  rhombus. 


The  rhombic  antenna  is  a  multiple-tuned  antenna,  that  is,  it  is  included 
in  the  group  of  antennas  suited  to  the  task  of  operating  over  a  vide 
frequency  range. 

The  horizontal  rhombic  antenna  carries  the  letter  designation  RG,  to 
vhich  is  added  the  numerical  expression  i/a  b,  the  purpose  of  which  is  to 
designate  the  length  of  side,  magnitude  of  the  obtuse  angle,  and  the  height 
at  which  the  rhombus  is  suspended.  Here  i  *  l/2  the  obtuse  angle  of  the 
rhombus  in  degrees,  l 


H  ' 


l  and  H  are  length  of  side  and  height  at  which  the  rhombus  is  suspended, 
respectively; 

Xq  is  the  optimum  wavelength  for  the  rhcabic  antenna  (the  wavelength 
on  which  the  antenna  has  optimum  electrical  parameters). 

By  way  of  an  example,  the  horizontal  rhombic  antenna  for  which  $  ■  65s, 
l  =  4x^,  H  =  Xq  is  designated  RG  65/4  1. 
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#XIII.2.  Operating  Principles 

The  following  two  requirements  are  imposed  on  the  multiple-tuned  antenna: 

(1)  constancy  of  input  impedance  over  a  wide  frequency  range  and  equality 
of  that  input  impedance  with  the  characteristic  impedance  of  the  transmission, 
line; 

(2)  retention  of  satisfactory  directional  properties  over  the  entire 
operating  range. 

The  first  requirement  can  only  be  satisfied  if  the  antenna  is  made  up 
of  elements,  the  input  impedances  of  which  will  remain  constant  within  the 
limits  of  the  entire  operating  range.  Lines  shorted  by  a  resistor,  the 
value  of  which  is  equal  to  their  characteristic  impedance,  and  the  current 
flow  in  which  obeys  the  traveling  wave  law,  have  these  properties. 

Chapter  V  included  a  series  of  radiation  patterns  of  a  conductor  on 
which  the  traveling  wave  mode  had  been  established  (figs.  V.2.1  -  V.2.4). 

These  patterns  show  that  when  the  conductor  is  a  long  one  the  direction  of 
maximum  radiation  will  change  little  with  respect  to  the  t/X  ratio. 

From  what  has  been  said,  it  follows  that  the  antenna  can  satisfy  both 
requirements  listed  if  it  consists  of  long  wires  which  pass  a  traveling  wave 
and  which  are  properly  positioned  and  interconnected. 

The  rhombic  antenna  is  a  system  consisting  of  four  long  wires  comprising 
the  sides  of  the  rhombus.  The  traveling  wave  mode  is  obtained  by  the  in¬ 
sertion  of  a  resistor,  the  value  of  which  is  equal  to  that  of  the  character¬ 

istic  impedance,  across  one  of  the  acute  angles.  The  characteristic  im¬ 
pedance  of  the  rhombic  antenna  is  equal  to  double  the  characteristic  impedance 
of  one  wire  (side)  of  the  rhombus. 

The  positioning  of  the  antenna  wires  to  form  the  sides  of  the  rhombus 
ensure  coincidence  of  the  directions  of  their  maximum  radiation.  As  a  matter 
of  fact,  let  it  be  necessary  to  amplify  the  field  strength  in  some  direction 

lying  in  the  plane  in  which  the  rhombus  is  located. 

The  radiation  pattern  of  the  wire  passing  the  traveling  wave  current 
can  be  expressed  by  formula  (V.2.2) 

•'«  -  fSir. sin  [t  0  -'c“ 0)]  • 

where 

9  is  the  angle  formed  by  the  direction  of  the  beam  and  the  axis  of  the 
wire. 

As  will  be  seen  from  formula  (V.2.2),  when  the  l/\  ratio  is  large, 
maximum  radiation  of  the  wire  occurs  at  an  angle  that  can  be  established, 
approximately,  through  the  relationship 
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from  whence 


and 


a  J  (1  —  cos  Q#)  =  * 

21  —  X 


cos  6,  1 


21 


(XIII.2.2) 

(XIII. 2.3) 


Maximum  radiation  of  two  wires  forming  an  angle  26^  occurs  in  the 
direction  of  the  bisector  of  this  angle.  Two  such  wires  are  depicted  in 
Figure  XIII. 2.1.  The  directional  properties  of  sach  of  the  wires  in  the  plane 
in  which  each  if  positioned  can  be  characterized  by  the  radiation  patterns 
(only  the  major  lobes  in  the  pattern  are  shown  in  fig.  XIII.2.1). 


Figure  XXII. 2.1.  Schematic  diagram  explaining  the  principle 
of  operation  of  a  V- antenna. 

• 

Lobe  a  of  wire  1-2  and  lobe  a'  of  wire  1-4  are  identical  in  shape  and 
orientation.  Let  us  find  the  relationship  between  the  phases  of  the  field 
strength  vectors  in  the  direction  of  the  maximum  beams  of  lobes  a  and  a’. 

Let  us  take  the  clockwise  direction  as  the  positive  direction  for  rending 
the  angles,  and  let  us  designate  the  angle  formed  by  the  direction  of  the 
maximum  beam  of  lobe  a'  with  the  axis  of  wire  1-4  as  9Q.  Then  the  angle 
formed  by  the  direction  of  the  maximum  beam  of  lobe  a  with  the  axis  of  wire 
1-2  will  equal  ~0q>  As  follows  from  the  formula  (V.2.2),  change  in  the  sign 
of  9  is  accompanied  by  a  change  in  the  sign  of  E,  that  is  E(-9)  ■*  -E(g). 
Therefore,  if  wires  1-2  and  1-4  are  fed  in  phase  the  vectors  of  the  fields 
produced  by  them  in  the  direction  of  the  bisector  of  angle  29^  will  be 
opposite  in  phase.  In  the  arrangement  we  are  considering,  the  emf  is  connected 
between  wires  1-2  and  1-4,  so  the  current  flow  in  them  is  opposite  in  phase, 
which  is  to  say  that  the  supply  method  itself  is  what  creates  a  mutual  phase 
shift  of  l8o°  in  the  currents  flowing  in  wires  1-2  and  1-4.  There  is  a 
corresponding  mutual  phase  shift  of  l80®  in  the  phases  of  vectors  of  the 
fields  produced  by  these  wires,  and  this  shift  is  in  the  direction  of  the  bi¬ 
sector.  The  total  mutual  phase  shift  in  the  vectors  for  the  fields  produced 
by  wires  1-2  and  1-4  is  3fi0°,  equivalent  to  no  phase  shift  having  taken 
place. 


e 
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Thj  arrangement  described  is  a  V-antenna.  The  rhombic  antenna  (fig* 
XIII. 2. 2)  consiats  of  two  V-antennas. 


Figure  XIII. 2. 2.  Schematic  diagram  explaining  the  principle  of 
operation  of  a  rhombic  antenna. 


Let  us  find  the  relationship  between  the  phases  of  the  field  strength 
vectors  for  the  V-sections  of  the  rhombus,  2-1-4  and  2-3-4,, 

Let  us  isolate  the  element  in  wire  1-2  at  distance  from  point  1, 
and  element  Ai^  *n  wi-re  2-3  at  distance  from  point  2.  The  phase  shift  bet¬ 
ween  the  field  strength  vectors  for  elements  Al^  and  Al2  equals 


'shift 


*1  *  *p  +  *y» 


(XIII. 2.4) 


where 

i/j  is  the  phase  angle,  established  by  the  shift  in  the  phases  of  the 
currents  flowing  in  elements  Al,  and  A!„i 
^  is  the  phase  angle,  established  by  the  difference  in  the  paths. 

traveled  by  the  beams  radiated  by  elements  At^  and  Algt 
fy  is  the  phase  angle,  established  by  the  fact  that  the  maximum  beam 
of  lobe  a"  forms  the  angle  +0,  and  the  maximum  beam  of  lobe  a  forms 
the  angle  -0,  with  the  radiating  wires,  f  =  tt* 

The  length  of  the  current  path  from  element  At,  to  element  Al  „  equals 
l .  Therefore 

$»,'=■  a/sin®, 

$  is  half  the  obtuse  angle  of  the  rhombus. 

Substituting  values  for  fj  and  in  formula  (XIII. 2.4),  and  taking 
it  that  §  «*  90  -  0Q,  we  obtain 


where 


♦ 


shift 


m  —aj  +  aisin® +  —  sl(l  —  sin®)< 

*»*  —  */(!  —  cos 


(XIII. 2.5) 
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As  has  already  been  explained,  the  relationship  in  (XIII. 2. 2)  must  be 
satisfied  in  order  to  obtain  maximum  radiation  in  the  direction  of  the  long 
diagonal  of  the  rhombus. 

"Jubavituting  (XIII. 2. 2)  in  (XIII.2.5),  we  obtain 
*  shift  =  n  -  tt  =  0. 

As  ue  see,  when  the  selection  of  the  magnitudes  of  l  and  $  is  proper, 
the  phase  shift  bet'./een  the  field  strength  vectors  for  two  symmetrically 
located  elements  of  wires  1-2  and  2-3  equals  :sero. 

It  is  obvious  that  the  vector  for  the  summed  field  strength  for  all  of 
wire  1-2  will  be  in  phase  with  the  vector  for  the  field  strength  for  till  of 
wire  2-3,  and  that  the  same  will  be  true  for  wires  1-4  and  4-3.  So  all  four 
sides  of  the  rhombus  produce  in-phase  fields  in  the  direction  of  the  long 
diagonal  of  the  rhombus,  and  it  is  this  latter  which  results  in  the  increase 
|  in  field  strength  in  this  direction. 

All  of  the  considerations  cited  with  respect  to  the  co-phasality  of  the 
fields  produced  by  all  four  sides  of  a  rhombic  antenna  can  be  equated  to  a 
single  wave  which  will  satisfy  the  relationship  at  (XIII. 2. 2).  In  practice, 
satisfactory  field  phase  relationships  can  be  obtained  over  an  extremely 
|  wide  frequency  range.  And  satisfactory  directional  properties  over  a  wide 

range  should  be  retained  as  well.  We  note  that  this  conclusion  follows 
directly.*,  from  the  relationship  at  (XIII. 2. 3)*  As  a  matter  of  fact,  we  obtain 

l  .• 

0,  =  arccos^^-.  (XIII.2.6) 

21 

from  (XIII. 2.3). 

Equation  (XIII. 2.6)  demonstrates  that  if  f  }>  the  value  of  angle  0Q 
needed  to  obtain  the  optimum  antenna  operation  mode  is  only  very  slightly 
;  dependent  on  From  this  we  can  also  draw  the  opposite  conclusion  to  the 

effect  that  if  t  P  X,  and  for  a  specified  value  of  0^,  antenna  properties 
j  will  change  but  slightly  with 

The  considerations  cited  here  with  respect  to  the  possibility  of  phasing 
the  fields  produced  by  the  sides  of  the  rhombus  refer  to  the  case  when  the 
desirable  direction  of  maximum  radiation  is  in  the  plane  in  which  the  rhombus 
is  located.  In  practice  the  requirement  is  to  provide  intensive  radiation 

1  at  some  angle  to.  the  plane  in  which  the  rhombus  is  located.  This  does  not, 

1 

however,  change  the  substance  of  the  problem.  V«  must  simply  understand 
that  0Q  is  a  solid  angle  formed  by  the  required  direction  of  maximum  radia¬ 
tion  and  the  sides  of  the  rhombus. 

i 

i 

! 

i  *  • 
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#XIII.3.  Directional  Properties 

It  has  been  accepted  that  the  directional  properties  of  a  horizontal 
rhombic  antenna  can  be  characterized  by  two  radiation  patterns,  one  for  the 
normal  (horizontal)  component  of  the  field  strength  vector,  and  one  for  the 
parallel  component  of  the  field  strength  vector.* 

The  normal  component  of  the  field  strength  vector  is 


£  30  U  •  cot  (♦  4- 1) _ 

'  tin  {♦  +  j)  cos  A  +  i 

«»(♦  —  W _ 1  (i  _etw«to(e+»)*oU-iV}  x 

*in(4— y)cos  A  +  i-^-  I 


x  }i  -  [i  +  \RX 

The  parallel  component  of  the  field  strength  vector  is 


_ tin  (4  +  f ) _ 

tin  (4  +  f)cos  A  -f  i  — 


(XIII.3.1) 


.  30/,  A  f  tin 

~7's,nA - 

I  tin  +  i 
tin  (4— y)  I 
n(4  —  ?)co*A  +  l  —  |{l  — 


tin  (4  —  ?)  cos  A  +  i  ~  j  {l _ giNiNe+tJcMt-ryj  x 

X  1 1  —  etu,ln(*~,»coU~T)'}  [  1  —  |  /?  1 1  e11* 1  ~,*"‘l,u>] . 


(XIII.3.2) 


where 


1^  is  the  current  at  the  point  where  the  antenna  is  fed; 

9  is  the  azimuth  angle,  read  from  the  long  diagonal  of  the  rhombus 
(fig.  XIII.3.1), 

V  is  the  propagation  factor;  y  *  iff  +  8. 

The  modulus  of  the  equivalent  summed  field  strength  vector  equals 


%  -  Ki^TF+FTF 


(XIII.3.3) 


Let  us  find  the  expressions  for  the  radiation  patterns  in  the  vertical 
(9  =  0)  and  horizontal  (A  =  0)  planes. 

As  will  be  seen  from  formula  (XIII. 3.2),  when  A  *  0»  or  9  =  O, 

Ell  =  °* 

All  that  remains  in  these  planes  is  the  normal  component  of  the  field 
strength  vector,  and  the  directional  properties  can  be  characterized  by 
formula  (XIII. 3. l). 

Substituting  A  a  0  in  formula  (XIII.3.1),  ignoring  attenuation  (3  “  0), 
dropping  factors  which  do  not  depend  on  9,  and  replacing  the  exponential 


1.  See  Appendix  5 

2.  See  #V.5. 
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Figure  XIII. 3.1.  Explanation  of  formulas  (XIII.3.1)  and 
(XIII.3.2). 

functions  with  trigonometric  functions,  we  obtain  the  following  expression 
for  the  radiation  pattern  in  the  horizontal  plane 

1  jr /T\ _ T  |  cos(<P  —  9)  I 

“  1  — sin(0  —  T)J^ 

X sin (1  —  sin (4*  +  *)] j  sin  |y  [1  -sin («*-<?)]  J.  (xm.J.4) 

Similarly,  by  substituting  cp  =  0  in  formula  (XIII.3.1),  we  obtain  the 
following  expression  for  the  radiation  pattern  in  the  vertical  plane 


•  4cosb 

60  /.  I—  (in  4>  cot  A 


•sin*  (I  —  sin  <I»  cos  A)j  X 


X|/'l  +  |«J.j»+21i?x|cos(<l»jL-2a//smA):  (XIII.3.5) 

In  the  case  of  ground  with  perfect  conductivity  |RjJ»  1 »  “*“1  $ j_=  180®, 
and  the  expression  for  the  radiation  pattern  in  the  vertical  plane  becomes 


1  —  sin  *  cos  4 


sin*[y  0  — sin®cosA)j  sin  (a //sin  A). 


(XIII.3.6) 


$X111«4.  Attenuation  Factor  and  Radiation  Resistance 

The  attenuation  factor,  that  is,  the  effective  component  of  the  magnitud 
of  y  can  be  approximated  through  the  formula  (sea  #1.3) 


where 


3  "  2^' "" 

r 


(XIII. 4„l) 


wr  is  the  characteristic  impedance  of  the  rbsmbic  antenna? 

Ri  is  the  resistance  per  unit  length  ef  the  rhombus,  assumed 
identical  over  the  entire  length  of  the  antenna. 

Known  approximate  formulas  for  calculating  the  characteristic  impedances 
of  conductors  can  be  used  to  find  Vr.  If  the  sides  of  the  rhombus  are  made 
of  single  wires  the  characteristic  impedance  will  be  about  1000  ohms,  but  if 
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each  side  of  the  rhombus  consists  of  two  divergent  conductors  the  characteristic 
impedance  will  be  about  700  ohms. 

Distributed  real  resistance  can  be  calculated  through  the  formula 

R  +  R, 

R  -  -r..  ■  1.°8.8  (XIII.4.2) 

1  21 

where 

R^  is  the  resistive  component  of  the  radiation  resistance  of  a  rhombic 
antenna; 

R,  is  the  resistance  of  the  losses  in  a  rhombic  antenna, 
loss 

Since  conductor  losses  at  normal  suspension  heights  for  the  rhombus 
are  small,  even  when  the  effect  of  the  ground  is  considered,  these  losses 
can  be  ignored  in  the  computations  and 

R 

R  (XIII.4.3) 

X  21 


Calculations  reveal  that  own  radiation  resistance  of  the  sides  of  the 
rhombus  is  much  higher  than  the  radiation  resistance  induced  by  adjacent 
sides  and  by  the  mirror  image.  Therefore,  the  engineering  calculations  can 
be  made  on  the  assumption  that 


Rrft,4RS’  (XIII. 4.4) 

where 

Rj,  is  own  radiation  resistance  of  one  side  of  a  rhombic  antenna. 

The  radiation  resistance  of  a  single  conductor  passing  the  traveling 
wave  of  current  equals 


* 

R£  ,=  G0  ^In2a/  — Ci2*/+  —  0,423^ .  (XIII.4.5) 


Substituting  the  expression  for  R1  from  formula  (XIII. 4. 3)  in  formula 
(XIII. 4.1),  and  the  expression  for  R^  from  (XIII. 4. 4)  in  (XIII. 4.1),  we 
obtain 


8 


(XIII. 4. 6) 


#XIII.5.  Gain  Factor  and  Directive  Gain 

In  accordance  with  the  definition  for  gain  factor,  its  value  for  the 
rhombic  antenna  can  be  calculated  through  the  formula 


(Mil. 5.1) 


where 
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E  is  the  strength  of  the  field  produced  by  the  rhombic  antenna; 
r 

is  the  strength  of  the  field  produced  by  a  halv-wave  dipole  in 
the  direction  of  maximum  radiation; 
is  the  power  applied  to  the  rhombic  antenna; 
is  the  power  applied  to  the  half-wave  dipole. 

The  magnitudes  included  in  formula  (XIII. 5.1)  can  be  expressed  in  the 
following  manner: 

60I„ 


a/2 


i; J  v 

0  r 


Va  a  xo 


73-1  • 


(xnx.5.2) 
(XIII. 5.3) 
(XIII.5.4) 


{) 


Let  us  derive  the  expression  for  e  applicable  to  the  vertical  plane 
passing  through  the  long  diagonal  of  the  rhombus  (cp  “  0).  To  do  so,  we  will 
substitute  the  expression  for  E^  from  formula  (XZII.3.1)  in  formula  (XlII.5*l), 
assuming  while  so  doing  that  cp  *  0.  The  ground  will  be  taken  as  ideal  con¬ 
ductor  (|RjJ=  1,  §J_  =  l80°). 

Moreover,  let  us  replace  the  factor 

J e(Ui!oacoO— 7X 

by  the  approximate  expression 

-k.  , 

e  *  [1  _#k(«lo*ceu-l)J  ^ 

which  yields  sufficiently  accurate  results  in  the  range  of  the  maximum^ 
value  for  the  factor  specified. 

Making  all  the  substitutions  indicated,  we  obtain 

cos’  <t  e~*y 


S  m  • 


4680 


x- 


(1  — !  iln  OcoiA)* 

Xsin^O—  ®  cos  A)  j  sin*(«  H sin  A). 

Directive  gain  can  be  computed  through  the  formula 

p  -  1»M« 


where 


1]  is  the  antenna  efficiency. 


(XIII. 5.5) 


(XIXI.5.6) 


i 

■  4 


#XIII.6.  Efficiency 
Efficiency  equals 


P_  P  - 
S  r  term 

Tj  - - - - 

r  r 


(XIII. 6.X) 


where 


Pj,  is  the  power  radiated  by  the  antenna; 

P^  is  the  power  applied  to  the  antenna; 

^term  *s  Power  in  the  terminating  resistor. 

The  magnitudes  of  P  and  P.  can  be  expressed  in  the  following  manner 
r  term 


P  =  1“  V  , 
r  Or’ 


(XIII. 6.2) 


P  =  1^  e"40tW  . 
term  0  r 


(XIII. 6.3) 


Substituting  these  expressions  in  (XIII. 6.1)  we  obtain 


,  -431 

1  -  e  K  . 


(XIII. 6.4) 


Replacing  3  by  its  expression  from  formula  (XIII. 4. 6),  we  obtain 


,  -R Jv 

=  1  -  e  r  r  . 


(XIII. 6.5) 


#XIII.7.  Maximum  Accommodated  Power 

The  maximum  amplitude  of  the  voltage  across  the  conductors  of  a  rhombic 
antenna  can  be  calculated  through  the  formula  * 


1  2P  W 
r  r 


(XIII. 7.1) 


where 


P^  is  the  input; 

k  is  the  traveling  wave  ratio  on  the  conductors  of  t'-e  rnombus;  k  is 
usually  at  least  0.5  to  0.7. 

With  an  input  equal  to  1  kw,  and  a  characteristic  impedance  of  = 

700  ohms,  as  is  the  case  when  the  sides  of  the  rhombus  are  made  of  two  con¬ 
ductors,  the  maximum  amplitude  of  the  voltage  equals 

UMax  =  "^2000  •  700/0.5  =  1660  volts  =  1.6  kv. 

Maximum  field  strength  produced  by  the  conductors  of  a  single  rhombic 
antenna  equals  (see  formula  1.13.9) 


i 


! 
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E  =  120  U  /ndW 
max  max  r 


(XIII. 7. 2) 


d  is  the  diameter  of  the  conductors  in  the  rhombus. 

If,  as  is  usually  the  case,  the  side3  of  the  rhombic  antenna  are  made 

up  of  two  parallel  conductors,  n  =  2,  and  W  =  700  ohms.  If  the  diameter 

r 

of  che  conductors  used  equals  0.4  cm,  and  if  the  power  is  equal  to  1  kw, 

E  is  about  equal  to  354  volts/cm. 
max 

Considering  the  maximum  permissible  field  strength  as  equal  to  7000  volta/cra, 
the  maximum  input  to  the  rhombic  antenna  equals 

P  =  ( 7000/354 )2  a*  400  kw. 
max 

The  maximum  voltage  produced  in  a  double  rhombic  antenna  (see  below)  is 
approximately"}^"  less.  The  corresponding  input  it  approximately  double, 
and  is  equal  to  800  kw. 

The  maximum  input  to  the  single  rhombic  antenna  used  in  telephone  work 
is  about  200  kw,  and  the  maximum  input  to  the  double  rhombic  antenna  is 
about  400  kw  (see  Chapter  VIII).  In  practice,  the  sides  of  the  rhombus  should 
be  made  of  0.6  cm  diainoter  conductors  in  order  to  absolutely  guarantee  con¬ 
tinuity  of  operation  for  power  on  the  order  of  400  kw  in  the  telephone  mode. 

It  is  also  desirable  to  make  the  sides  of  the  rhombus  of  three  conductors. 


#XIII.8.  Selection  of  the  Dimensions  for  the  Rhombic  Antenna.  Results 
of  Calculations  for  the  Radiation  Patterns  and  Parameters  of 
the  Rhombic  Antenna. _ _ _ 

The  dimensions  of  the  rhombic  antenna  are  selected  such  that  the  strongest 
beams  possible  will  be  available  at  the  reception  site.  Let  us  designate  the 
angle  of  tilt  of  the  beams  reaching  the  reception  site  by  A^.  We  will  use 
formula  (XIII. 3. 6)  to  determine  the  optimum  values  of  5,  t,  and  H. 

The  optimum  value  of  angle  $  can  be  established  from  the  condition  r»f  a 
maximum  for  the  factor 


I  —  sin  $  cot  4, 


(XIII. 8.1) 


which  is  established  from  the  equality 


dB 

d§ 


(XIII. 8. 2) 


from  which  we  obtain 


sin  $  =>  cos  A. 


and  from  whence 


i  =  90  -  Ar 


(XIII. 8.3) 


a 


p^sgjgjs^  j» 
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The  optimum  value  for  the  length  of  side  of  the  rhombus  can  be  estab¬ 
lished  from  the  condition  of  a  maximum  for  the  factor 


sin  (1  —  sin  4>  cos  40)j ,  • 


which  reduces  to  solving  the  equation 


^-(1  —  sin  Ceos 


Solving  this  equation  with  respect  to  ti  we  obtain 


where 


2  (1  —  sin  T  cos  Ad 


(XIII. 8.4) 


Aq  is  the  optimum  wavelength,  that  is,  the  wavelength  for  which  the 
dimensions  of  the  antenna  have  been  selected. 

The  optimum  height  at  which  to  suspend  the  antenna  can  be  established 
from  the  condition  of  the  maximum  for  the  factor 

sin  (a //sin  A#), 

which  reduces  to  solving  the  equation 


and  from  whence 


a//  sin  A.  =  — - 


(XIII. 8. 5) 


Selection  of  the  magnitude  of  AQ  car.  be  made  by  proceeding  from  the 
characteristics  of  the  main  line  (see  Chapter  VII).  When  the  main  line  is 
longer  than  1500  to  2000  km,  AQ  is  taken  equal  to  8  to  15°  •  If  Aq  =  15"°, 
from  equations  (XIII. 8. 3),  (XIII. 8.4)  and  (XIII.8.5)  we  obtain  §  =  75°, 

;  =  7.4  A0,  H  =  Aq. 

In  practice,  the  optimum  values  indicated  for  the  magnitudes  of  $,  I , 
and  H  are  usually  not  held  to  in  making  rhombic  antennas.  Ante-  nas  with 
lengths  of  side  equal  to  7.4  AQ  are  extremely  cumbersome,  expensive,  and  re¬ 
quire  an  extremely  large  area  on  which  to  locate  them.  On  the  other  hand, 
the  calculations  show  that  a  reduction  in  the  length  of  side  (l)  by  a  factor 
of  1.5  to  2  as  compared  with  its  optimum  value  causes  only  a  small  reduction 
in  the  gain  factor.  Consequently,  t  =  4Aq  is  often  selected  in  practice. 

The  magnitude  of  $  can  be  changed  accordingly  ’n  order  to  satisfy  the  re¬ 
lationship  at  (XXII. 8. 4).  Substituting  l  =  4Aq  in  formula  (XIII. 8. 4)  we  ob¬ 
tain  sin  §  =  0.906  and  $  =  65°.  Thus,  the  real  dimensions  of  rhombic  antennas, 
selected  for  the  condition  that  Aq  =  15° ,  are 


®  =  65° 
7®  4X* 
H  ® 


(XIII. 8. 6) 
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If  we  take  AQ  =  12°  the  maximum  dimensions  of  the  rhombic  antenna  will 


be  equal  to 


$  =  78°;  l  =  11.5X0;  and  H  =  1.25  \Q. 


If  the  length  is  limited  to  t  =  6  XQ,  the  following  antenna  data  will 


bo  obtained 


70° 

/  =  6X0 
//=.  1 ,25X0 


(XIII. 8. 7) 


Antennas  with  dimensions  selected  in  accordance  with  (XIII. 8. 6)  and 
(XIII, 8. 7)  are  the  ones  most  widely  used. 

Recommended  as  well  for  long  lines  (over  500 0  to  7000  km)  is  the  use  of 
an  antenna  with  the  following  dimensions 


<I>  a  75° 

/  =■  6X,» 

H  =  1,25^ 


(XIII. 8.8) 


This  methodology  for  selecting  rhombic  antenna  dimensions  will  give  the 
dependence  of  1,  H  and  §  on  the  optimum  wavelength.  In  practice  rhombic  an¬ 
tennas  are  used  over  a  wide  frequency  range,  so  the  optimum  wavelength 
should  be  selected  such  that  satisfactory  antenna  parameters  over  the  entire 
range  of  use  anticipated  will  be  provided  for. 

On  main  communication  lines  shorter  than  1500  to  2000  km  the  most 
probable  angles  of  tilt  for  beams  reaching  the  reception  site  are  greater 
than  15°  (see  Chapter  VII).  For  example,  if  the  length  of  the  main  line 
equals  900  km,  as  we  see  from  Figure  VII. 2.1,  the  most  probable  angle  of 
tilt  of  the  beam  is  on  the  order  of  30° •  v 

In  this  case,  if  we  substitute  Aq  =  30°  in  formulas  (XIII. 8. 3),  (XIII. 8. 4) 
and  (XIII.8.5),  we  obtain  the  following  optimum  dimensions  for  the  antenna 


$  ~  60 0 5  t  c  21^1  and  H  =0.5  Xq* 


(XIII. 8.9) 


In  practice,  because  of  the  need  to  type  antennas  it  is  not  convenient 
to  select  optimum  dimensions  for  every  line  length,  so  we  must  use  a  few 
standardized  antenna  variants. 

Table  XIII. 8.1  lists  one  possible  rhombic  antenna  standardization 
variant  for  main  lines  of  different  lengths.  Data  for  antennas  for  main 
lines  shorter  than  1500  km  were  selected  through  formulas  (XIII. 8.3), 

(XIII. 8. 4)  and  (XIII. 8. 5)  in  accordance  with  the  information  contained  in 
Chapter  VII  with  respect  to  the  most  probable  angles  of  tilt  of  beams  at 
reception  sites. 

Figures  XIII. 8.1  through  XIII. 8. 9  show  the  »\»diation  pattern t,  in  the 
horizontal  plane  of  an  RG  65/4  1  antenna  for  a  normal  component  of  the  E  vector. 
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Figures  XIII. 8. 10  through  XIII. 8. 26  show  a  series  of  radiation  patterns 
in  the  horizontal  plane  of  an  RG  65/4  1  antenna,  charted  for  various  angles 
of  tilt  of  beam,  for  the  normal  comoonent  of  the  electric  field  strength 
vector.  The  radiation  patterns  for  the  parallel  component  of  the  field 
strength  vector  are  charted  in  these  same  figures,  and  at  the  same  scale. 


Table  XIII. 8.1 


is 


.1 


Length  of 

‘An  HAa  Antenna’s 

con- 

main  line, 

v  ventional 

desig* 

km 

nations 

I  3000  and 

750 

6 

1.25 

RG  75/6  1.25  or 

|  longer 

RGD  75/6  1.25 

Antennas  RG  70/6  1.25  and 

1 

70° 

6 

1.25 

RG  70/6  1.25  or 

RGD  70/6  1.25 

RGD  70/6  1.25  are  desirable 
in  the  frequency  range  from 
10  to  27  meters  (XQ  » 

65° 

4 

1 

RG  65/4  and 

15  to  18  meters). 

RGD  65/4  1 

|  2000  - 
3000 

65° 

4 

1  ‘ 

RG  65/4  lor 

RGD  65/4  1 

Antennas  RG  75/6  1.25  and 
RGD  75/6  1.25  are  desirable 
in  the  frequency  range  from 

1000  - 

65° 

2.8 

0.6 

RG  65/2.8  0.6  or 

10  to  30  meters  (XQ  * 

,  2000 

RGD  65/2.8  0.6 

25  meters). 

|  600  -  1000 

57° 

1.7 

0.5 

RG  57/1.7  0.5  or 

| 

RGD  57/1.7  0.5 

|  400  -  600 1 

450 

1 

0.35 

RG  45/1  0.35  or 

i 

RGD  45/1  0.35 

L.  Antennas  RG  45/1  0.35  and  RGD  45/l  0.35  are  only  recommended  for 
reception. 
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Figure  XIII. 8.1.  ‘Radiation  patterns  in  the  horizontal  plane  of 
RG  65/4  1  and  RGD  65/4  1  antennas;  \  *  0.6  XQ» 
-  RG;  -  RGD.  Vertical*  E/E 


igure  XXXI.8.2.  Radiation  patterns  in  the  horizontal  plane  o 
RG  65/4  1  and  RGD  65/4  1  antennas;  \  *  0*7  \ 
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Figure  XHI.8.3.  Radiation  patterns  in  the  horizontal  plane  of 
RG  65/4  1  and  RGD  65/4  1  antennas;  \  *.  0.8  XQ. 
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Figure  XII1.8.4.  Radiation  patterns  in  tha  horizontal  plane 
65/4  1  and  RGD  65/4  1  antennas?  1-1.0 


Figure  XIII. 8. 7>  Radiation  patterns  in  the  horizontal  plane  of 
RG  65/4  1  and  RGD  65/4  1  antennas;  X  M  1.6  Xg 
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Figure  XIII. 8. 8.  Radiation  patterns  in  the  horizontal  plane  of 
RG  65/4  1  and  RGD  65/4  1  antennas;  X  »  2  Xq» 
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Figure  XIII. 8. 9.  Radiation  patterns  in  the  horizontal  plane  of 


RG  65/4  1  and  RGD  65/4  1  antennas;  \  *  2.5  XQ* 
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Figure  XIII. 8. 10.  Radiation  patterns  in  the  horizontal  plane 

(A  =  5°)  of  an  RG  65/4  1  antenna  for  a  wavelength 
of  X  -  0.6  Xq. 

-  normal  component  of  £;  -  parallel  component 

of  E;  vertical :  E/E  . 
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Figure  XIII. 8. XI.  Radiation  patterns  in  the  horizontal  plane 

(A  =  5°)  of  an  RG  65/4  1  antenna  for  a  wavelength 
of  X  ~  0.7  Xq* 
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Figure  XIII. 8. 12.  Radiation  patterns  in  the  horizontal  plane 

(A  =19°)  of  an  RG  65/4  antenna  for  a  wavelength 
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Figure  XIII. 8. 13.  Radiation  patterns  in  the  horizontal  plane 

(&  =15°)  of  an  RG  65/4  1  antenna  for  a  wavelength 
of  X  =  0.8  xQ. 
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Figure  XIII. 8.14.  Radiation  patterns  in  the  horizontal  plane 

(A  =  10® )  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  \  -  \Q. 
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Figure  XIII. 8. 15.  Radiation  patterns  in  ths  Horizontal  plane 

(A  =  20°)  of  an  RG  65/4  1  antenna  for  a  vave- 
•  length  of  \  •  \Q. 
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Figure  XIII. 8. 16.  Radiation  patterns  in  the  horizontal  plane 

(A  =  10°)  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  X  «■  1.14  Xr\  • 
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Figure  XIII. 8. 17.  Radiation  patterns  in  the  horizontal  plane 

(A  =  20° )  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  X  =  1.14  \n. 
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Figure  XIII. 8. l8.  Radiation  patterns  in  the  horizontal  plane 

(A  =  10° )  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  X  =  1*33  Xf,* 
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Figure  XIII. 8. 19.  Radiation  patterns  in  the  horizontal  plane 

(A  =  20°)  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  X  =  1*33  XQ. 
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Figure  XIII. 8. 20.  Radiation  patterns  in  the  horizontal  plane 

(A  =  10°)  of  an  RG  55/4  1  antenna  for  a  wave* 
length  of  \  =  1.6  \  . 
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Figure  XIII. 8. 21.  Radiation  patterns  in  the  horizontal  plane 

(A  =  20°)  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  \  =  1.6  lQ. 
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Figure  XIII. 8. 22.  Radiation  patterns  in  the  horizontal  plane 

(ii  =  10°)  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  X  <=  2 
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Figure  XIII. 8. 23 •  Radiation  patterns  in  the  horizontal  plane 

(A  =  20°)  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  X  =*  2  XQ. 

£*2Kg 


- Ko/i/tajMC*  enema  fajnotuu  £ 

-- — napaMCjitHC*  coomuivnoina*  £ 


0  to  20  JO  <i0  so  to  10  to  so  too  no  110  130  HO  HO  ISO  no  ISO 


Figure  XIII. 8. 24.  Radiation  patterns  in  the  horizontal  plane 

(A  =  30°)  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  X  =  2  XQ. 
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Figure  XIII. 8. 25-  Radiation  patterns  in  the  horizontal  plane 

(fl  =  20°)  of  an  RG  65/4  1  antenna  for  a  wave¬ 
length  of  X  “  2.5  XQ* 
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Figure  XXII. 8. 26.  Radiation  patterns  in  the  horizontal  plane 

(A  =  40°)  of  an  KG  65/4  1  antenna  for  a  wave¬ 
length  of  X  =  2.5  X~* 


The  patterns  for  both  field  components  were  charted  for  ideally  conducting 
ground. 

As  will  be  seen,  the  patterns  are  distinguished  for  the  large  number  of 
side  lobes,  which  is  a  characteristic  feature  of  rhombic  antennas,  a»  well 
as  of  other  antennas  made  using  long  wires,  such  as  the  V-arit.enna,  for 
example. 

Figures  XIII. 8. 27  through  XIII. 8. 35  show  a  series  of  radiation  patterns 
in  the  vertical  plane  of  an  RG  65/4  1  antenna  (major  lobes). 
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Figure  XIII. 8. 27.  Radiation  patterns  in  the  vertical  plana  of  an 

RG  65/4  1  antenna  for  ground  of  ideal  conductivity 
(yv  “  «),  for  ground  of  average  conductivity  (er  K  8; 
yv  =  0.005),  and  ground  of  poor  conductivity  (cr  *  3? 
Yv  =  0.0005) i  X  “  0.6  Xq. 
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Figure  X1IJ.8.28.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  65/4  1  antenna  for  ground  of  ideal  conductivity 
(yv  =  ■») ,  for  ground  ox  average  conductivity  (er  =  8; 
yv  »  0.005),  and  ground  of  poor  conductivity  (r  *  3; 
Yv  ■*  0.0005);  X  =  0.?  XQ. 
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Figure  XIII. 8. 29.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  £5/4  1  antenna  for  ground  of  ideal  conductivity 
(yv  =  <*) ,  for  ground  of  average  condui  'ity  (er  *  8 
Yv  =  0.005),  and  ground  of  poor  condu  -ity  (e  -  j: 
Yv  =  0.0005);  X  *=  0.8  Xn- 
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Figure  XIII. 8. 30.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  65/4  1  antenna  for  ground  of  ideal  conductivity 
(yv  «■  «),  for  ground  of  average  conductivity  (er  * 
yv  «=  0.005),  and  ground  of  poor  conductivity  (cr  * 
yv  «  0.0005)j  X  *  XQ. 
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Figure  XIII. 8. 31.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  65/4  1  antenna  for  ground  of  ideal  conductivity 
<YV  b  co) ,  for  ground  of  average  conductivity  (er  * 
yv  =  0.005),  and  ground  of  poor  conductivity  («r  * 
Yv  -  0.0005);  X  -  1.14  X0» 
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Figure  XIII. 8. 32.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  65/4  1  antenna  for  ground  of  ideal  conductivity 
(yv  =  00),  for  ground  of  average  conductivity  (er  =  8; 
yv  =  0.005),  and  ground  of  poor  conductivity  (cr  B  3 5 

Yv  =  0.0005);  X  =  1-33  XQ. 
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Figure  XIII.8.33. 


Radiation  patterns  in  the  vertical  plane  of  an 
RG  65/4  1  antenna  for  ground  of  ideal  conductivit 
(Y  =  ec),  for  ground  of  average  conductivity  (e^ 
Y  =  0.005),  and  ground  of  poor  conductivity  (cr 
Yy  =  0.0005);  X  “  1.6  XQ. 
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Figure  XIII. 8. 34.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  65/4  1  antenna  for  ground  of  ideal  conductivity 
(yv  a  ®),  for  ground  of  average  conductivity  (cr  *  8; 
yv  =  0.005),  and  ground  of  poor  conductivity  (*r  «  3{ 
Yv  =  0-0005);  X  =  2  \Q. 
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Figure  XIII. 8. 35.  Radiation  patterns  in  the  vertical  plane  cf  an 

RG  65/4  1  antenna  for  ground  of  ideal  conductivity 
(yv  =  »),  for  ground  of  average  conductivity  (sr  *  8; 
Yv  *>  0.005),  and  ground  of  poor  conductivity  («r  ■  3> 
vv  *  0.0005);  a  ■  2.5  X0- 


Figures  XIII.3.36  through  XIII. 8. 45  aro  the  radiation  patterns  in  ths 
Horizontal  plane  of  an  RG  70/6  1.25  antenna. 

Figures  XIII. 8. 46  through  XIII. 8. 55  show  a  serieb  of  radiation  patterns 
in  xho  vortical  piano  of  an  1X1  70/6  1.25  ontonna. 

Figures  XIII. 8. 56  through  XIII. 3. 66  ehov  a  series  of  radiation  patterns 
in  the  horizontal  piano  oi  an  RG  75/6  1.25  antenna. 
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Figure  XIII. 8. 36.  Radiation  patterns  in  the  horizontal  plane  cf 

RG  70/6  1.25  and  RGD  70/6  7.25  antennas;  X  M  0*5  X(-,» 

-  RG:  -  RGD;  vertical:  E/E  . 


Figure  XIII •8*37*  Radiation  patterns  in  the  horizontal  plane  of  * 

RG  70/6  1.25  and  RGD  70/6  1.25  antennas;  X  ®  0.6  Xy 


C 


Fiftur^  XISI.8.3P..  Radiation  patterns  in  tho  horizontal  plane  of 

RG  70/6  1.25  and  RGD  70/6  1.25  antennae;  X  “  0.7  XQ- 


RA-nnH-£J} 


0  1C  ZO  30  W  50  SO  78  80  SO  MtQ  ttO  HQ  ISO  /♦#  ISO  ISO  PQ  ISO 

Figure  XIII .8.39.  Radiation  patterns  in  the  horizontal  plane  of 

70/6  1.25  and  RGD  70/6  1.25  antennae;  \  «  < 


— 

Mm 


mim 


o  U  8i  30  V)  SO  60.70  60  SO  BO  I/O  130  130  HO  ISO  160  PO  w'f* 

Figure  XIII. 8. 40.  Radiation  patterns  in  the  horizontal  plane  of 
RG  70/6  1.25  and  RGD  70/6  1.25  antennas;  \  *•  j 
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Figure  XCI.d.41.  Radiation  patterns  in  the  horizontal  plane  of 
RG  70/6  1.25  ead  ROD  ?0/6  1.25  pnterarjn.tf  ^  *  1 
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Figure  XIII. 8. 42.  Radiation  patterns  in  the  horizontal  plane  of 

RG  70/6  1.25  and  RGD  70/6  1.25  antennas}  \  »  1.33  Xq. 


Figure  XIII. 8. 43.  Radiation  patterns  in  the  horizontal  plane  of  * 

RG  70/6  1.25  and  RGD  70/6  1.25  antennas;  \  *  1.6  Xq. 
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Figure  XIII. 8. 44.  Radiation  patterns  in  the  horizontal  plane  of 

RG  70/6  1.25  and  RGD  70/6  1.25  antennas;  X  <»  2  x^* 
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Figure  XIII. 


Figure  XIII 
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8.45*  Radiation  patterns  in  the  horizontal  plane  of 

RG  70/6  1.25  and  ROD  70/6  1.25  antennas;  X  *  2.5  Xq* 
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.8.46.  Radiation  patterns  in  the  vertical  plane  of  an 


RG  70/6  1.25  antenna;  X  *  0.5  Xq- 


ground  of  ideal  conductivity;  -  ground  of 

average  conductivity;  ground  of  poor  * 


conductivity;  verticals  E/E 


max 


.8.47.  Radiation  patterns  in  the  vertical  plane  of  an 
RG  70/6  1.25  antenna;  X  *  0.6  X^. 
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Figure  XIII..8.54.  Radiation  patterns  in  the  vertical  plane  of  an 
RG  70/6  1.25  antenna;  1  =  2  Xg. 


Figure  XI'I-8.55-  Radiation  patterns  in  the  vertical  plane  of  an 
RG  70/6  1.25  antenna;  1  =  2.5  lg. 
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Figure  XIII. 8. 56.  Radiation  patterns  in  the  horizontal  plane  of 
RG  75/6  1.25  and  RGD  75/6  1.25  antennas; 

1  =  0.3  1  .  - —  RG; - RGD;  vertical:  E/E  . 
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Figure  XIII. 8. 60.  Radiation  patterns  in  the  horizontal  plane  of 
RG  75/6  1.25  and  RGD  75/6  1.25  antennas) 

X  -  0.7  Xq. 
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Figure  XIII. 8. 6l.  Radiation  patterna  in  the  horizontal  plane  of 
RG  75/6  1.25  and  RGD  75/6  1.25  antennas) 

X  =  0.8  lQ. 
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Fiqure  XIII. 0.62.  Radiation  patterns  in  the  horizontal  plane  of 
RG  75/6  1.25  and  RGD  75/6  1.25  antennas) 
X-1.0  Xg» 
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Figure  XIII. 8. 66.  Radiation  patterns  in  the  horizontal  plane  of 
RG  75/6  1.25  and  RGD  75/6  1.25  antennas} 

X  =  2.5 


Radiation  patterns  in  the  vertical  plane  of  on  RG  75/6  1.25  antenna  are 
shown  in  figures  XXX. 8. 67  through  XIII .8.77* 

Figures  XIII. 8. 78  through  XIII .8.95  show  a  series  of  radiation  patterns 
in  the  horizontal  and  vertical  planes  of  RG  57/1.7  0.5  and  RG  45/l  C.35 
antennas. 

No  diagrams  were  charted  for  RG  65/2.8  0.6  antenna.  Its  pattern  in  the 
horizontal  plane  can  be  established  by  using  the  diagraM  for  the  RG  65/4  1  an¬ 
tenna,  and  it  should  be  remembered  that  the  optimum  wave  of  the  RG  65/2.8  0.6 
antenna  is  4/2.8  a  1.43  times  longer  than  the  optimum  wave  of  the  RG  65/4  1 
antenna.  Radiation  patterns  of  the  RG  65/2.8.0.6  in  the  vertical  plane  can 
be  determined  similarly. 
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Figure  XIII .8.67.  Radiation  patterns  in  the  vertical  plane  of  an 
RG  75/6  1.25  antenna}  X  ■  0*4  Xq» 
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Figure  XIII. 8. 68.  Radiation  patterns  in  the  vertical  plane  of  an 
RG  75/6  1.25  antenna;  X  *  0.5  Xq* 
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Figure  XIII. 8. 69.  Radiation  patterns  in  the  vertical  plane  of  an 
RG  75/6  1.25  antenna;  X  *  0.6  Xq* 
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Figure  XIII. 8. 70.  Radiation  patterns  in  the  vertical  plane  of  an 
RG  75/6  1.25  antenna;  X  *  0.7  Xq* 
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Figure  XIII. 8. 71.  Radiation  patterns  i>>  the  vertical  plane  of  an 
RG  75/6  1.25  antenna;  X  *  0.8  Xq. 
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Figure  XIII. 8. 72,  Radiation  patterns  in  the  vertical  plnne  of  at 


RG  75/6  1.25  antennaj  X  s  X 
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Figure  XI2X.8.73*  Radiation  patterns  in  the  vertical  plane  of 
RG  75/6  1.25  antenna;  X  ■  1.125  Xq« 
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Figure  XIII. 8. 74.  Radiation  patterns  in  the  vertical  plane  of  en 
RG  75/6  1.2Z  arienna;  X  -  1.3:  X_. 
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Figure  XIII. 8. 75*  Radiation  patterns  in  the  vertical  piano  of  an 
RG  75/6  1.25  antenna;  X  ■  1.6  Xq. 
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Figure  XIII. 8. 76.  Radiation  patterns  in  the  vertical  plane  of  an 
RG  75/6  1*25  antenna;  X  »  2  Xq* 
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Figure  XIII. 8. 77.  Radiation  patterns  in  the  vertical  plane  of  an 
RG  75/6  1.25  antenna;  X  **  2.5  XQ» 
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Figure  XIII. 8. 78.  Radiation  pattern  in  the  horizontal  plane  of  an 
RG  57/1*7  0.5  antenna  with  angle  of  tilt  A  =  16* 
for  a  wavelength  of  X  =  0.672  Xq« 

Vertical:  E/E  . 
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Figure  XIII. 8. 79.  Radiation  pattern  in  the  horizontal  plane  of  an 
RG  57/1.7  0.5  antenna  with  angle  of  tilt  £  *  37° 
for  a  wavelength  of  X  ■  X^* 
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Figure  XIII. 


Figure  XIII. 


Figure  XIII. 
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.80.  Radiation  pattern  in  the  horizontal  plane  of  an 
RG  57/l«7  0.5  antenna  with  angle  of  tilt  A  ■  44* 
for  a  wavelength  of  \  =  1.68  X  . 


.81.  Radiation  pattern  in  the  horizontal  plane  of  an 
57/1.7  0.5  antenna  with  angle  of  tilt  A  ■  fo* 
for  a  wavelength  of  \  »  2.5  A  . 


.82.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  57/1 .7  0.5  antenna  for  ground  of  ideal  conductivity 
(yv  *  «•)  1  for  ground  of  average  conductivity  (c  **8f 
Yv*0.005),  and  for  ground  of  poor  conductivity  r 
(«r-3!  Yy"0,0°05)  J  X  ■  0.672  U. 
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Figure  XIII. 8,83. 


Radiation  patterns  in  the  vertical  plane  of  an 

Rfi  57/1.7  0.5  antenna  for  ground  of  ideal  conductivity 

<YV=®>.  for  ground  of  average  conductivity  (cr*8; 

Yy^O. 005)i  and  for  ground  of  poor  conductivity 
(sr“3i  yv=0.0005);  X  -  X0* 
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Figure  XIII.8.84. 
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Radiation  patterns  in  the  vertical  plane  of  an 
R&  57/1.7  0.5  antenna  for  ground  of  ideal  conductivity 
(Yv=®)i  for  ground  of  average  conductivity  (cr*8} 

Yv=0. 005)i  and  f°r  ground  of  poor  conductivity 
(er=3i  yy=O.OOQ5)i  X  =  1.68  XQ. 
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Figure  XIII.8.85. 


Radiation  patterns  in  the  vertical  plane  of  an 
R6  57/1.7  0.5  antenna  for  ground  of  ideal  conductivity 
(Yva<o)i  for  ground  of  average  conductivity  («r*8; 
Yy^.OOSJi  and  for  ground  of  poor  conductivity 
(er»3{  yv“0*0«>5)|  X  -  2.5  Xq. 
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Figure ’XIII. 8. 86.  Radiation  pattern  in  the  horizontal  plane  of 
an  RG  45/l  0.35  antenna  with  angle  of  tilt 
A  =  15a  for  wavelength  X  =  0.5  Xq* 
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Figure  XIII. 8. 87.  Radiation  pattern  in  the  horizontal  plane  of 
an  RG  45/1  0.35  antenna  with  angle  of  tilt 
A  “  30°  for  wavelength  X  *  0.8  XQ. 


Figure  XIII. 8. 88.  Radiation  pattern  in  the  horizontal  plane  of 
an  RG  45/l  0.35  antenna  with  angle  of  tilt 
A  *  35°  for  wavelength  X  ■  Xq* 
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figure  XIII, 8. 89.  Radiation  pattern  in  the  horizontal  plane  of 
an  RG  45/1  0.35  antenna  with  angle  of  tilt 
A  =  45°  for  wavelength  \  =  1.2  XQ* 
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Figure  XII2.8.90.  Radiation  patiern  in  the  horizontal  plane  of 
an  RG  45/1  0.35  antenna  with  angle  of  tilt 
A  “  60°  for  wavelength  \  =  1.6  X^. 


Figure  XIII. 8.91*  Radiation  patterns  in  the  vertical  plane  of  an 

RG  45/l  0.35  antenna  for  ground  of  ideal  conductivity 
(yv=®)»  for  ground  of  average  conductivity  (s  =8j 
yv  =  0.005)i  and  for  ground  of  poor  conductivity 
(sr=3i  Yv=0.0005);  X  =  0.5  XQ. 

Vertical 1  E/E 
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Figure  XIII. 8. 92. 


Radiation  patterns  in  the  vertical  plane  of  an 
RG  45/1  0.35  antenna  for  ground  of  ideal  conductivity 
(Yv=«) »  for  ground  of  average  conductivity  (cr*8| 
Yv=0.005) ,  and  for  ground  of  poor  conductivity 
(er=3i  v„=0.0005);  X  =  0.8  X  • 
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Figure  XIII. 8. 93.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  45/l  0.35  antenna  for  ground  of  ideal  conductivity 
(yv=®)»  for  ground  of  average  conductivity  (er«*8; 
Yv=0.005) ,  and  for  ground  of  poor  conductivity 
(er*3i  yv=0-0005){  X  “  XQ. 
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Figure  XIII. 8. 94.  Radiation  patterns  in  the  vertical  plane  of  an 

RG  45/1  O.35  antenna  for  ground  cf  ideal  conductivity 
for  ground  of  average  conductivity  (e  »8| 
yv=O.005),  and  for  ground  of  poor  conductivity 
Ur=3|  Yv*0*000?)?  X  -  1.2  XQ. 
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Figure  XIII. 8. 95*  Radiation  patterns  in  the  vertical  plane  of  an 

RG  45/1  0.35  antenna  for  ground  of  ideal  conductivity 
(.yv=*>) ,  for  ground  of  average  conductivity  (cr=8; 
Yv=0.005),  and  for  ground  of  poor  conductivity 
(er=3;  yv=0.0005);  X  «*  1.6  Xq. 


The  radiation  patterns  in  the  vertical  plane  are  charted  for  three  types 

of  ground;  ideal,  average,  poor  conductivity.  The  maximum  field  strength 

for  ideally  conducting  ground  was  used  as  E  in  charting  the  patterns  for 

max 

the  two  other  types  of  ground.  Accordingly,  the  comparison  of  radiation 
patterns  in  the  vertical  plane  for  real  and  ideal  grounds  also  characterizes 
the  dependence  of  the  absolute  magnitude  of  the  field  strer nth  on  ground  para 
meters. 

So  far  as  the  RG  57/1.7  0.5  and  RG  45/l  0.35  antennas  are  concerned, 
the  radiatim  patterns  in  the  horizontal  plane  are  given  for  angles  of  tilt 
equal  to  the  angles  of  tilt  for  the  maximum  beams.  The  reason  for  so  doing 
is  that  these  antennas  are  designed  for  operation  on  short  main  lines  where 
angles  of  filt  of  beams  at  the  reception  site  are  extremely  large  and  the 
radiation  patterns  when  &  =  0  are  not  characteristic  enough.  Only  the  normal 
component  of  the  field  strength  vector  was  considered  in  charting  the  pattei  :• 
indicated. 


Diagrams  in  the  horizontal  plane  when  A  /  0  were  charter-  using  formula 
(XIII. 3.1),  and  it  was  assumed  that  y  «  i^.  After  these  subs  itutions,  and 
tha  corresponding  conversions,  the  expression  for  the  radiation  patterns  in 
the  horizontal  plane  for  a  specified  constant  value  of  angle  of  tilt,  A, 
tokos  the  following  form 


co:  (0  +  <?) 

cos  —  s>)  1 

.  1  —  *ln  (<l>  +  9)  co*  A, 

1  —  *in  (0  —  f)  CM  A  J 

Xsinjy  [I  -sin(«I»  +  9)cD$'A)Jx 

Xsln{-y  V)cosA}j.  (XIII. 8.10) 


Figure  XIII. 8. 96  shows  the  curves  characterizing  the  dependence  of  the 
gain  factor  of  the  RG  65/4  1  antenna  on  the  wavelength  for  different  values 
of  A*  This  same  figure  contains  the  dotted  charting  of  a  curve  which  gives 
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fho  dependence  of  the  gain  factor  in  the  direction  of  Maximum  radiation  on 
the  wavelength.  The  dotted  curve  is  the  envelope  of  the  solid  line  curves 
The  angles  of  tilt  for  maximum  beams  can  be  established  at  the  points  of 
tangency  of  the  solid  and  the  dotted  curves. 
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Figure  XIII. 8. 96.  Dependence  of  the  gain  factor  of  an  KG  65/4  1  antenna 
on  the  wavelength  for  different  angles  of  tilt  (4) 
values;  *  700  ohms. 

- — -  maximum  gain  curve. 


Figure  XIII. 8. 97  shows  the  curves  characteristic  of  the  dependence  of 
the  directive  gain  of  the  RG  65/4  1  antenna  on  X/X0  and  A. 

Using  the  curves  in  figures  XIII. 8. 96  and  XIII. 8. 97,  we  can  establish 
the  gain  factor  and  the  directive  gain  of  the  antenna  for  any  angles  of 
tilt,  and  for  any  values  of  X/Xg» 

Figure  XIII. 8. 98  shows  the  design  curve  of  the  dependence  of  the  , 

efficiency  of  an  RG  65/4  1  antenna  on  the  wavelength.  The  assumption  used 

in  charting  this  curve  was  that  V  *«  700  ohms. 

r 

Figures  XIII. 8. 99  through  XIII. 8. 110  show  design  curves  that  characterize 
the  electrical  parameters  of  RG  70/6  1.35,  RG  75/6  1.25,  RG  57/1*7  0.5,  and 
RG  45/l  0.35  antennas. 

The  gain  factor  ana  directive  gain  are  given  for  all  antennas  for  the 
case  of  ideally  conducting  ground.  Reduction  in  the  gain  factor  in  the  case 
of  real  ground  can  .be  established  by  comparing  the  radiation  patterns  in 
the  vertical  plane  for  real  and  ideal  ground,  taking  it  that  the  gain  factor 
is  proportional  to  the  square  of  the  field  strength. 


RAT008-68 


J 


;i5i 


Figure  XIII. 8. 97.  Dependence  of  the  directive  gain  of  an  KG  65/4  1 

antenna  on  wavelength  for  different  angles  of  tilt 
(A)  values;  Vf  =  700  ohms. 

-  maximum  directive  gain  curve. 
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Figure  XIII. 8.98.  Dependence  of  the  efficiency  of  the  •»  s  65/4  1  antenna 
on  wavelength:  W  “  700  ohms. 


Figure  XIII' .8. 100.  Dependence  of  directive  gain  of  an  86  70/6  1.25 

antenna  on  wavelength  for  different  angle*  of  tilt 
(A) I  Vr  *  700  ohaa. 

ear ina  directive  gain  curve. 
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Figure  XIII. 8. 101.  Dependence  of  the  efficiency  of  an  RG  70/6  1.25 
antenna  on  the  wavelength;  V?r  »  700  ohms. 


Figure  XIII. 8. 102.  Dependence  of  the  gain  factor  of  an  RG  75/6  1.25 
antenna  on  the  wavelength  for  different  angles  of 
tilt  (&);  Wr  =  70C  ohms. 

-  maximum  gain  curve. 
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Figure  XIII. 8. 103.  Dependence  of  directive  gain  of  an  RG  75/6  1.25 
antenna  on  wavelength  for  different  angles  of 
tilt  (fi) |  Wr  =  700  ohms. 

-- — -  maximum  directive  gain  curve. 
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Figure  XIII. 8. 104.  Dependence  of  the  efficiency  of  an  RG  75/6  1.25 
antenna  on  the  wavelength}  Wr  =  700  ohms. 

1  -  designed  curve;  2  -  experimental  curve. 
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Figure  XIII. 8. 105.  Dependence  of  the  gain  factor  of  an  RG  57/1.7  0.5 
antenna  on  the  wavelength  fcr  different  angle*  of 
tilt  (A);  Wr  -  700  ohms. 

.....  maxi  bp  ui  gain  curve. 


Figure  XIII. 8. 106.  Dependence  of  the  directive  gain  of  an  RG  57/1.7  0.5 
antenna  on  “the  wavelength  for  different  angles  of 
tilt  (A);  Wr  s  700  ohms. 

-  maximum  directive  gain  curve. 


Figure  XIII. 8. 107.  Dependence  of  the  efficiency  of  an  RG  57/1,7  0.5 
antenna  on  wavelength;  V  »  700  ohms. 
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Figure  XIII. 8.108.  Dependence  of  the  gain  factor  of  an  RG  45/l  0.35 
antenna  on  wavelength  for  different  angien  of 
tilt  (^)j  Vp  •  700  ohns.  ¥ 

-----  Maxitmin  gain  curve. 
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Figure  XIII. 8. 109.  Dependence  of  the  directive  gain  of  an  HG  45/1  0-35 
antenna  on  the  wavelength  for  different  angles  of 
tilt  (A);  VT  =  7C0  olims. 

-----  maximum  directive  gain  curve. 


Figure  XIII. 8. 110.  Dependence  of  the  efficiency  of  an  P..  ' /l  0.35 

antenna  on  wavelength;  Wr  »  70 0  ohms. 
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#XX I X . 9 .  Useful  Range  of  tho  Rhombic  Antenna 

The  rhombic  antenna  makes  c  good  match  with  transmission  lines  over  the 
entire  shortwave  range,  so  the  operating  range  is  limited  only  by  reduction 
m  gain,  and  by  deterioration  in  directional  properties,  as  departure  is 
made  from  waves  close  to  optimum.  The  particular  useful  range  depends  on 
i equirements  imposed  by  the  gain  factor  for  the  specified  angles  of 
radiation  in  the  vertical  plane. 

At  least  two  antennas  are  desirable  in  order  to  service  the  entire  operating 
range  on  vital,  long,  communication  lines, 

On  particularly  vital  lines,  thoso  uoing  tho  range  from  10  meters  to 
70  to  100  meters,  it  is  desirable  to  use  at  least  three  rhombic  antennas  to 
work  the  three  subranges  so  the  entire  range  will  be  covered. 

#XIIX.10.  The  Double  Rhombic  Antenna  (RGD) 

The  author  has  proposed  the  use  of  a  double  rhombic  antenna  consisting 
of  two  rhombuses,  one  acop  the  other  and  displaced  in  direction  from  each, 
other  along  xheir  small  diagonals  at  distance  Dl  on  the  order  of  \  .  The 
double  horizontal  rhombic  antenna  is  conventionally  designated  by^he  lett ars 
RGD,  and  its  schematic  is  shown  in  Figure  XIII. 10,1. 

The  radiation  pattern  of  the  RGD  antenna  can  be  computed  through  the 
formula 

=  Ft  (A,9)cos  ^-^-cos  Asin<?  j  ,  (XIII. 10. l) 

where 

i*  the  expression  for  the  radiation  pattern  of  a  single  rhpmbic 
antenna,  established  through  equation  (XIII.3,1)  through 
(XIII.3.3). 


Figure  XIII. 10.1.  Schematic  diagram  of  a.  double  horizontal  rhombic 
antenna. 

A  -  exponential  four-wire  line  for  matching  antenna 
and  supply  feeder;  B  -  exponential  four-wire  line 
for  matching  antenna  and  terminating  line. 
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For  the  horizontal  plane  =  0),  formula  XIII. 10.1  becomes 


Ft  (?)  =  Fib)  cos  (jY  sin  ?)  • 


(XIII. 10. 2) 


where 

F^cp)  eat.  be  established  through  equation  (XIII. 3. 4). 

The  shape  of  the  radiation  pattern  in  the  vertical  plane  remains  the  same 
as  that  of  the  single  rhombic  antenna. 

The  gain  factor  of  the  double  rhombic  antenna  can  be  calculated  through 
the  formula 


9360  cos*  *t>  ^ 


Xf'  (1 — sin>t>coi4)* 
r 


sin1 


•  sin<l>cosA’ 


)]x 


X  sin‘(a//  sin  A)  , 


(XIII. 10.3) 


where 

is  the  characteristic  impedance  of  one  rhombus  in  the  system  of  the 

double  rhombic  antenna  (in  practice  W*  «=  W  is  acceptable); 

r  r 

0'  is  the  attenuation  factor  on  a  double  rhombic  ant'\  ..a 


(XIII.  10.M 


Here  R'  is  the  radiation  resistance  of  one  side  of  the  rhombus  in  the 

2 

system,  and  is  the  radiation  resistance  of  one  rhombus  in  the  system 


R'  =  R 
r  r  own 


+  R  in, 
r  1 


(XIII. 10.5) 


where 


R  is  own  radiation  resistai.ee  of  one  rhombus; 

r  own 

R  .  is  the  radiation  resistance  indv ,ed  by  the  adjacent  rhombus, 
r  in 

The  approximate  calculations  can  be  limited  to  considei  on  of  the 
interaction  between  just  the  parallel  conductors.  ♦  The  radi.\  i;  n  resistance 
induced  by  conductor  2  in  conductor  1,  which  is  parallel  to  it  (fig.  XIII  '■ 
can  be  calculated  through  the  formula1 


Ru  =  60  [Mlcos(<*/i-f-^)  + M,sin(aft-f-<$],  (XIII. i0 

where 


1.  -h  must  be  substituted  for  h  when  calculating  the  resistance  induced 
conductor  1  in  conductor  2,  which  is  parallel  to  it,  through  formulas 
(XIII. 10.6  through  XIII. 10. 8). 


(XIII. 10.7) 


sin  «  [/* f'  +  jh-r  l )*  —  Q  +  /}]  sin  a  [{/ p*  -j-  (A  —  <)*  —  (A  /)]  ^ 

2«  2s  /f»  +  (A  — <)» 


M, 

+ 


=  —  2si«(/  f.*  4-/»* — A)  +  s»a[/  p*  +  ft  +  /)»  ft  +  /)]  + 

+ -  •  iK7nr=r->-4i  -  + 

cos  g  [y  j»*  +  (ft  •<•  O1'  —  (A  t  t  cos«[y,>«4-(/i-0,-l(izjBL, 

2»V  fJ  +  ft  +  h*  2g  /p‘-rft— 0* 


( XIII. 10. 8) 


^  is  the  phase  angle  by  which  the  current  flowing  in  conductor  1  leads 
the  current  flowing  in  conductor  2. 
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Figure  XIII. 10. 2.  Schematic  diagram  of  the  computation  for  the 

radiation  resistance  of  a  double  rhombic  antenna. 

The  efficiency  of  a  double  rhombic  antenna  can  be  computed  through  the 
formula 

T)  «  1  -  e”RyWr  .  (XIII. 10.9) 

The  directive  gain  can  be  computed  through  the  formula 

D  «  1.64s/T)  .  (XIII. 10. ID) 

Figures  XIII. 8.1  through  XIII. 8. 9  use  a  dotted  line  to  chart  the  radia¬ 
tion  patterns  of  the  RGD  64/4  1  antenna  in  the  horizontal  plane. 

Figures  XIII. 10.3  through  XIII. 10. 19  chart  the  radiaiion  patterns  in  the 
horizontal  plane  of  the  RGD  65/4  1  antenna,  computed  for  different  angles  of 
tilt  of  the  beams  for  the  normal  (solid  line)  and  parallel  (dotted  line)  com¬ 
ponents  of  the  field  strength  vector. 

Figures  XIII. 8. 36  through  XIII. 8. 45  use  a  dotted  line  to  chart  the 

>tion  patterns  of  the  RGD  70/6  1.25  antenna  in  the  horizontal  plane. 

Figures  XIII. 8. 56  through  XIII. 8. 66  use  a  dotted  line  to  chart  the 
radiation  patterns  of  the  RGD  75/6  1.25  antenna  in  the  horizontal  plane. 

As  will  be  seen  from  these  figures,  doubling  the  rhombic  antenna  results 
in  a  considerable  reduction  in  the. side  lobes  in  the  radiation  patterns. 

T!  -'a;  .  r  lobe  remains  virtually  the  same  as  that  of  the  single  rhombic  antenna 
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Figure  XIII. 10. 3 •  Radiation  patterns  in  the  horizontal  plane  (&  =  5s) 
of  an  RGD  65/4  1  antenna  for  wavelength  X  “  0.6  XQ- 

—  ■  —  normal  component  of  E; 

- —  parallel  component  of  E. 
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Figure  XIII. 10. 4.  Radiation  patterns  in  the  horizontal  plane  (A  *  5*) 
of  an  KID  65/4  1  antenna  for  wavelength  X  *  0.>  XQ* 
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Figure  XIII. 10. 5.  Radiation  patterns  in  the  horizontal  plane  (A  "10°) 
of  an  ROD  65/4  1  antenna  for  wavelength  X  *  0.8  XQ. 
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Figure  XIII. 10. 6. 


Radiation  patterns  in  the  horizontal  plane  {&  ■  15*) 
of  an  RGD  65/4  1  antenna  for 'wavelength  X  *  0.8  XQ« 
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Figure  XIII. 10. 7.  Radiation  patt't.T“  in  the  horizontal  plane  (&  «  10*) 
of  an  RGD  65/4  1  antenna  for  wavelength  X  » 
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Figure  XIII. 10.8.  Radiation  patterns  in  the  horizontal  plane  (&  »  30*) 
of  an  RGD  65/4  1  antenna  for  wavelength  X  *  Xn* 
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Figure  XIII.  10. 9.  Radiation  patterns  in  the  horizontal  plane  (.ft  =  10°) 
of  an  RGD  65/4  1  antenna  for  wavelength  \  «=  l.l4  XQ. 
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Figure  XIII.  10.10.  Radiation  patterns  in  the  horizontal  plane  *=>  20°)  , 

of  an  RGD  65/4  1  antenna  for  wavelength  X  *  l»l4 
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Figure  XIII. 10. 11.  Radiation  patterns  in  the  horizontal  plane  (£  =  10°) 
.  of  on  RGD  65/4  1  antenna  for  wavelength  \  •  1,33  Xg. 
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Figure  XIII. 10. 12.  Radiation  patterns  in  the  horizontal  plane  (fr  ■  20°) 
of  an  ROD  65/4  1  antenna  for  wavelength  \  ■  1.33  Xg« 
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Figure  XIII. 10. 1.3.  Radiation  patterns  in  the  horizontal  plane  (^«10°) 
of  an  RGD  65/4  1  antenna  for  wavelength  \  -  1.6  Xq* 
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*  inure  XIII. 10.14.  Radiation  patterns  in  the  horizontal  plane  (£«*208) 
of  an  RGD  65/4  1  antenna  for  wavelength  \  •  1.6  X„* 
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Figure  XIII, 10. 15.  Radiation  patterns  in  the  horizontal  plane  (£-10°) 
of  an  RGO  65/4  1  antenna  for  wavelength  X  “  2  XQ* 
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Figure  XIII. 10. l6.  Radiation  patterns  in  the  horizontal  plane  (^=20°) 
of  an  RGD  65/4  1  antenna  for  wavelength  X  *  ^*\)* 
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Figure  XIII. 10. 17.  Radiation  patterns  in  the  horizontal  plane  (£*=30°) 
of  an  RGD  65/4  1  antenna  for  wavelength  X  *  2  Xq» 
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Figure  XIII. 10.18.  Radiation  patterns  in  the  horizontal  plane  (a*20*) 
of  an  RGD  65/4  1  antenna  for  wavelength  X  *  2*5  Xq» 
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Figure  XIII. 10. 19*  Radiation  pattern*  in  the  horizontal  plane  (a**40*) 
of  an  RGD  65/4  1  antenna  for  wavelength  X  *  2.5  XQ» 


Figures  XIII. 10. 20  through  XIII.  10. 28  chart  the  curves  for  gain  factor, 

directive  gain,  and  efficiency  of  RGD  65/4  1,  RGD  70/6  1.25,  and  RGD  75/6  1.25 

* 

antennas. 

A  comparison  of  the  curves  in  figures  XIII. 8. 96  and  XIII. 10. 20,  XIII.8.99 
and  XIII. 10. 23,  XIII. 8. 102  and  XIII. 10. 26  reveals  that  the  gain  factor  of 
the  double  rhombic  antenna  is  1.5  to  2  that  of  the  gain  factor  of  the  single 
rhombic  antenna.  The  increase  in  the  gain  factor  of  the  double  rhombic 
antenna,  as  compared  with  the  single  rhombic  antenna,  is  the  result  of  a 
reduction  in  the  side  lobes  and  an  increase  in  efficiency. 
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Figure  XIII. 10. 20.  Dependence  of  the  gain  of  an  ROD  65/4  1  antenna 

on  the  wavelength  for  different  angles  of  tilt  (^) 
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Figure  XIII. 10*21.  Dependence  of  the  directive  gain  of  the  RGD  65/4  1 
antenna  on  the  wavelength  for  different  angles  of 
tilt  {&). 

— - —  maximum  directive  gain  curve.  v 


Figure  XIII. 10. 22.  Dependence  of  the  efficiency  of  the  RGD  65/4  1 
antenna  on  the  wavelength.  »  700  ohms. 

.  1  -  designed  curve:  2  -  experimental  curve. 
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Figure  XIII. 10. 23.  Dependence  of  the  gain  of  the  RGD  70/^  l.«,5  sm  nna 
on  the  wavelength  for  different  anglcn  of  i„  t 
Wr  =  700  ohms. 

-  maximum  gain  curve. 


Figure  XIII. 10. 24.  Dependence  of  the  directive  gain  of  the  RGD  70/*' 
antenna  on  the  wavelength  for  different  angles  of 
tilt  (4);  Wr  -  700  ohms. 

-----  maximum  directive  gain  curve. 
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Figure  XIII. 10. 25.  Dependence  of  the  efficiency  of  the  RGD  70/6  1.25 
o.itenna  on  the  wavelength;  Wr  =  700  ohms. 

I  -  designed  ci  -  e  2  -  experimental  curve. 
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Figure  XIII. 10. 26.  Dependence  of  the  gain  of  the  RGD  75/6  1.25  antenna 
on  the  wavelength  iur  different  angles  of  tilt  (A); 
Wr  =  700  oh  3. 

-----  maximum  gain  curve. 
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Figure  XIII. 10. 27.  Dependence  of  the  directive  gain  of  the  RGD  75/6  1.25 
antenna  on  the  wavelength  for  different  angles'  of 
tilt  (fi);  Vr  =  700  ohms. 

-  maximum  directive  gain. 


Figure  XIII. 10. 28.  Dependence  of  the  efficiency  of  the  RGD  75/6  1.25 
antenna  on  wavelength;  V  *=  700  ohms. 

1  -  designed  curve;  2  -  experimental  curve. 
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#XIII.ll.  Two  Double  Rhomb)'.  Antem  is 

A  further  increase  in  t.he  effi'  iency  of  rhombic  antennas  can  be  arrived 
at  by  connecting  two  double  rhombic  antennas  in  parallel  (fig.  XIII. 11. l). 
This  antenna  system  is  designated  th ;  RGD2,  to  which  is  added  numbers  to  show 
the  dimensions  of  the  rhombus. 


Figure  XIII. 11.1.  Schematic  diagram  of  the  parallel  connection  of 
two  double  rhombic  antennas. 

The  radiation  patterns  of  the  RGD2  antenna  can  be  computed  through  the 
formula 

^*{A,  (A,  <?)  cos  f  cos  A  sin  <?  V 

v  •  '  (XIII. ll.l) 

where 

D2  is  the  distance  between  the  double  rhombic  antennas $ 

F„(d,cp)  is  established  through  formula  (XIII.lO.l). 

The  radiation  pattern  in  the  horizontal  plane  for  the  angle  A  ■  C 
can  be  established  through  the  formula 

f«(?)  «  ft  (?)  cos  (XIII. 11. 2) 

The  radiation  pattern  in  the  vertical  plane  remains  the  same  as  it  was 
in  the  case  of  the  single  rhombic  antenna. 

The  gain  factor  and  the  directive  gain  of  the  RGD2  antenna  are  approxi¬ 
mately  1.7  to  2  times  those  of  the  RGD  antenna,  and  2.6  to  4  times  those  of 
the  RG  antenna. 

Figures  XI II. 11. 2  through  XIII. 11. 6  show  a  series  of  radiation  patterns 
in  the  horizontal  plane  of  the  RGD2  63/4  1  antenna. 

Two  single  rhombic  antennas  connected  in  parallel  can  also  be  used, 
and  this  antenna  is  designated  the  RG2. 


e 
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Figure  XIII. 11 .2.  Radiation  pattern  in  the  horizontal  plane  of 
RGD2  65/4  1  antenna  for  wavelength  \  0.8  \( 
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Figure  XIII. XI. 3, 


Radiation  pattern  in  the  horizontal  plane  of 
RGI)2  65/4  1  antenna  for  wavelength  X  ■  X  • 


note 


Figure  XIII. 11. 4. - 


non  paxxem  in  tne  horizontal  plant 
RGD2  65/4  1  antenna  for  wavelength  X  *  1< 
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Figure  XIII. IX. 5.  Radiation  pattern  in  the  horizontal  plane  of  an 
RGD2  65/4  1  antenna  for  wavelength  X  x  1*6  Xq* 
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Figure  XIII. 11. 6.  Radiation  pattern  in  the  horizontal  plane  of  anv 
RGD2  65/4  1  antenna  for  wavelength  X  “ZXq. 


#XIII.12.  Rhombic  Antenna  with  Feedback 

M.  S.  Neyman  suggested  the  rhombic  antenna  with  feedback.  One  version 
of  this  type  of  antenna  is  shown  in  Figure  XIII. 12.1.  As  we  see,  the  antenna 
has  no  terminating  resistor.  The  traveling  wave  of  energy  is  reflected  back 
to  its  input  terminal  after  having  moved  down  the  radiating  conductors  of  the 
rhombus.  Given  proper  selection  of  the  length  of  the  return  feeder,  3 “4-1, 
and  the  relationship  of  the  magnitudes  of  the  characteristic  impedances  of 
the  outgoing  and  return  feeders  in  the  system,  we  have  a  traveling  wave  cir- 
-ulating  over  the  dosed  circuit  1-2-3-4-1.  Analysis  reveals  that  the 
following  conditions  are  necessary,  and  must  be  adequately  provided  for,  in 
orde*'  to  obtain  a  traveling  wave: 

(1)  total  length  of  path  1-2-3-4-1,  h  *  nX  (n  ■  1,2,3,...)} 

(2)  satisfy  the  relationship 

V  A  -  e"40 1 , 

1  r 


whore 


V  is  the  characteristic  impedance  of  the  rhombus  and  return  feeder; 

is  the  characteristic  impedance  of  the  outgoing  feeder,  1-2,  at 

point  1; 

_2fl  1 

e  ”  is  the  relationship  of  the  voltage  across  the  end  of  the  rhombus 
to  the  voltage  at  its  source  in  the  traveling  wave  mode; 
t  is  calculated  through  formulas  (XIIX.4.6)  and  (XXIX. 10. 4),  presented 
above; 

(3)  no  local  reflections  anywhere  along  the  path  over  which  the  traveling 
wave  is  circulating. 


Figure  XIII. 12.1.  Schematic  diagram  of  a  rhombic  antenna  with  feedback. 

Tx  and  ?z  are  type  TF6  225/600  and  TF4  300/600 
exponential  transformers,  respectively. 


If  ground,  conductor,  and  antenna  insulator  losses  are  disregarded, 

and  if  the  conditions  indicated  are  satisfied,  the  efficiency  equals  unity. 

The  gain  factor  of  an  antenna  with  feedback,  and  an  ideal  match  of  all 

* 

elements,  equals 

eQ  «  c/T|  (XIII. 12.1 

where 

e  and  T)  are  gain  factor  and  the  efficiency  of  a  rhombic  enna  withoi 
feedback. 

The  actual  increase  in  the  gain  factor,  as  demonstrated  !  »•  experiments’ 
research  done  with  rhombic  antennas,  is  somewhat  less  than  that  obtained  b; 
calculation,  obviously  the  result  of  the  increase  in  3,  primarily. 

As  a  practical  matter,  however,  there  is  no  need  for  precise  observant 
■of  condition  (2)  above.  The  magnitude  of  e  ^  in  the  range  will  change  be.- 
ween  0.25  and  0.5,  and  if  we  take  ss  0.37,  good  results  will  be  obtained 

over  the  whole  of  the  antenna's  operating  range. 

The  input  impedance  of  an  antenna  with  feedback  equals 


Z. 

ir. 


«-*  (1- 


(1  +  «”*  )(l  +  ew’s,L“4*  )  —  4e 


_V.it—  —3ft  ■ 


(XIII. 12.2) 


where 


*  -WMH' 
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e  ■=  w  /w,  . 

r  1 


When  conditions  (l)  and  (3)  above  are  satisfied,  the  input  impedance 
is  obtained  equa’  to 


_ t~b  (l 


(XXIX. 12.3) 


When  conditions  {]',  (2),  and  (3),  above,  are  satisfied, 


Z.  =  J  — — - 

j.n  1'  • _ 


(XIII. 12.4) 


Z.  is  found  equal  to  0.57  W  ,  approximately,  over  the  entire  operating 
m  r 

range  of  an  RG  65/4  1  antenna  when  conditions  (l),  (3)*  and  W  /W^  =  0.37 
are  satisfied. 

Figures  XIII. 12.1  and  XIII. 12. 2  show  the  schematic  diagrams  of  how  single 
and  double  rhombic  antennas  with  feedback  are  made  in  practice  - 

Type  TF4  3OO/6OO  and  TF6  225/600,  exponential  feeder  transformers,  or 
stepped  transitions,  are  used  to  satisfy  the  conditions  necessary  for  e.  match. 

Figures  XIiT.12.3  and  XIII. 12. 4  show  the  dependence  of  the  designed  and 
experimental  values  for  Sq/g  on  X/Aq  for  RG  65/4  1  and  RGD  65/4  1  antennas. 


Figure  XIII. 12. 2.  Schematic  diagram  of  a  double  rhombic  antenna  with 
feedback.  and  T_  are  type  TF4  300/600  arid 
TF6  225/600  exponential  transformers,  respectively. 
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Figure  XIII. 12.3.  Dependence  of  g^/g  on  A/Xq*  1  “  designed  curve; 

2  -  e-cperimental  curve;  c  is  the  gain  of  an  RG  65/4  1 
antenna  without  feedback;  eg  is  the  gain  of  an  RG  65/4  1 
antenna  with  feedback;  is  optimum  antenna  wavelength. 
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Figure  XIII. 12. 4.  Dependence  of  e^/e  on  x/Xq* 

1  -  designed  curve;  2  -  experimental  curve;  e  is  the 
gain  of  an  RGD  65/4  1  antenna  without  feedback;  Co 
the  gain  of  an  RGD  65/4  1  antenna  with  feedback. 


Figure  XIII. 12. 5  shows  the  dependence  of  e^/egand  the  traveling  wave 
ratio  (k)  on  the  supply  feeder  on  <*Iqi  where 


L  - 


L  is  the  total  length  of  the  path  over  which  the  current  flows  for  which 
optimum  conditions  prevail; 
is  the  actual  length; 

is  the  gain  factor  for  the  specified  value  of  l^; 

6q  is  the  gain  factor  when  t  =  0. 


Figure  XIII. 12. 5.  Change  in  gain  (c^/Gq)  and  traveling  wave  ratio  ‘.R/ 

in  the  supply  feeder  of  an  RG  65/4  1  antenna  with 
feedback  for  deviation  in  length  of  i<.  dback  fe- 
frora  the  optimum  length;  lQ  is  the  deviation  in  the 
length  of  the  feeder  from  the  optimum  length. 


The  curves  in  Figure  XIII. 12. 5  characterize  the  criticality  of  tuning 
the  rhombic  antenna  to  the  feedback. 

Figure  XIII. 12. 6  shows  one  of  the  possible  convenient  circuits  for 
adjusting  the  length  of  the  return  feeder.  The  adjustment  is  made  by  changing 
the  jumpers,  1,  and  the  shorting  plugs,  K  and  K*.  Correctness  in  the  selection 
of  the  length  of  the  return  feeder  will  be  established  by  the  development  of 
the  traveling  wave  mode  on  the  return  feeder. 

If  there  are  two,  or  even  three,  fixed  operating  waves,  the  length  of 
the  feedback  feeder  can  be  selected  such  that  the  traveling  wave  mode  will  be 


developed  on  all  operating  waves.  And  on  incroaso  in  the  gain  factor  will  be 
arrived  at  accordingly  on  all  operating  waves  as  per  the  data  in  figures 
XIII. 12.3  and  XIII. 12.4. 

All  formulas  included  here  were  derived  by  V.  D.  Kuznetsov,  and  he  did 
the  experimental  work,  the  results  of  which  are  shown  in  figures  XIII. 12.3 
and  XIII. 12. 4. 


Figure  XIII. 12. 6.  .Schematic  diagram  of  feedback  feeder  length 
.  adjustment. 

A  -  to  input  terminals  of  rhombus;  B  -  to  output 
terminals  of  rhombus. 


#XIII.13.  The  Bent  Rhombic  Antenna 
(a)  Antenna  arrangement 

The  bent  rhombic  antenna  (RS)  was  proposed  by  V.  S.  Shkol'nikov 
and  Yu.  A.  Mityagin.  The  schematic  arrangement  of  this  antenna  is  shown  in 
Figure  XIII. 13.1,  and  as 'will  be  seen  from  this  figure,  the  antenna  has  its 
acute  and  obtuse  angles  suspended  at  different  heights,  with  the  height  at 
which  the. acute  angles  are  suspended  much  lower  than  that  at  which  the  RG 
antenna  is  suspended.  The  reduction  in  the  height  at  which  the  acute  angles 
are  suspended  results  in  a  considerable  saving  in  support  costs.  However, 
this  reduction  in  the  height  at  which  the  acute  angles  are  suspended  is 
accompanied  by  a  considerable  deterioration  in  the  antenna's  electrical 
parameters.  This  is  overcome  by  increasing  the  length  of  the  side  of  the 
rhombus,  and  the  height  at  which  tha  obtuse  angles  are  suspended. 

Conventionally, 


where 


^=sl,5;  ^  as 0,5; 
l  H  H 


l.  and  l  are  the  lengths  of  the  sides  of  the  bent  and  the  horizontal 

D 

rhombic  antennas,  respectively; 

H  is  the  height  at  which  the  horizontal  rhombic  antenna  is  sue- 
pended; 

and  are  the  heights  at  which  the  acute  and  obtuse  angles  of  the 
bent  rhombic  antenna  are  suspended,  respectively. 

Nevertheless,  the  bent  rhombic  antenna  is  very  much  less  efficient  than 


the  horizontal  rhombic  antenna. 


Figure  XIII. 13*1.  Schematic  diagram  of  the  Shkol'nikov  and  Mityagin 
bent  rhombic  antenna. 

The  principal  design  formulas  for  the  bent  rhombic  antenna  follow. 

(b)  Radiation  patterns 

’  The  radiation  pattern  in  the  horizontal  plane  when  A  «=  0  (dropping 
factors  not  dependent  on  cp)  can  be  expressed  through  the  formula 


•  '•  l  1—  cosVsii 


u 


»(»  —  ?)  1  . 
Vsin(<f-f)  J 


f  sin  (O  -f-  f)  1  —  cos  V  sin  (♦  - 

X  sin  [1  —cos  V sin (O  +  <?)} j  X 

Xsin  j— 4  [1  —  cos¥sir<(<I>  —  *))  j , 

(XIII. 13-1) 

where 

$  is  half  the  obtuse  angle  between  the  projections  of  the  sides  of 
the  rhombus  on  the  horizontal  plane; 
cp  is  the  azimuth  angle,  read  from  the  long  diameter  of  the  rhombus; 
ijr  is  the  angle  of  tilt  of  the  sides  of  the  rhombus  to  the  horizontal 
plane. 

The  radiation  pattern  in  the  vertical  plane  (cp  »  0)  can  be  expressed 
through  the  formula 


where 


F(A)  ==  4cosC»cos¥ 


X 


sin 


5in[^0~ws£t)] 

1  —  cos  £, 

X  cos  (1  —  cos  y  -J-  a  Hx  sin  A  j  — 
—cos  5,)] 

- L  (1  -  cos  -•  a//,  sin  A  j 


(I  —  COS  Ji) 


-cos 


cos  S,  sin  0  cos  'V  cos  A  +  sin  ¥  sin  A; 
cos(,  sin  4>  cos  ¥  cos  A sinY  sin  A. 


(XIII. 13. 2) 

(XIII. 13. 3) 
(XIII.  13. 4/ 


Formulas  (XIII. 13. l)  and  (XIII. 13.2)  are  given  without  attenuation  taken 
into  consideration. 


ha-008-68 


380 


■J 


(c)  Gain  factor  and  directive  gain.  Efficiency. 

The  gain  factor  of  the  RS  antenna  is  computed  through  the  formula 


5  =  1J  70  e” —  cos*  <D  cos*  ¥X 


X 


sinPt 


sin  hfP- cos  fO 


,1- 


-'cos  (i  _  cos  £,)  -f  a  Hi  sin  A  j  — 


,  •  1— cos{, 

sinp^O-cose,)]  .  . 

- i-Tos'e, - cos  ~ cos  w  ~aHl  sin  A] 


(XIII. 13. 5) 


where 

is  the  characteristic  impedance  of  the  RS  antenna,  and  which  remains 
approximately  what  is  was  for  the  RG  antenna, 
can  be  computed  as  in  the  case  of  the  horizontal  rhombic  antenna, 
ignoring  the  mutual  effect  of  the  conductors  of  the  rhombus  and  their  mirror 
images.  Available  experimental  data  confirm  the  admissibility  of  this 
approximate  computation. 

The  directive  gain  and  efficiency  are  computed  through  formulas  (XIII. 5-6) 
and  (XIII. 6. 5). 

Figures  XIII. 13.2  through  XIII. 13. 10  show  a  series  of  radiation  patterns 
of  the  RS  67/6  0.5/1-25  antenna;  that  is,  of  an  antenna  with  the  following 
characteristics:  $  ■  67°,  *bA0,“  6,  Hj/Xq  ■  0.5,  H2AQ  M  1*25» 
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Figure  XIII. 13 .2.  Radiation  pattern  in  the  horizontal  plane  of  an 
RS  67/6  0.5/1.25  antenna  for  a  wavelength  of 
\  -  0.75  \Q. 
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Figure  XIII. 13. 3.  Radiation  pattern  in  the  horizontal  plane  of  an 
R S  67/6  0.5/1.25  antenna  for  a  wavelength  of 
X  =  1 • 5  XQ • 
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Figure  XIII. 13.4.  Radiation  pattern  .in  the  horizontal  plane  of  an 
RS  67/6  0.5/1.25  antenna  for  a  wavelength  of 

X  = 2  V 
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Figure  XIII. 13. 5.  Radiation  pattern  in  the  vertical  plane  of  an 
RS  67/6  0.5/i.25  antenna  for  ground  with  ideal 
conductivity  (yv“«) ;  X  =  0.75  XQ« 
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Figure  XIII. 13. 7.  Radiation  pattern  ir  the  vertical  plane  of  an 
RS  67/6  0.5/1.25  antenna  for  ground  with  ideal 
conductivity  (yv=»)  ;  \  -  1.25  XQ. 
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conductivity  X  =  1.5  XQ. 
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Figure  XIII. 13-9*  Radiation  pattern  in  the  vertical  plane  of  an 
RS  67/6  0.5/1*25  antenna  for  ground  with  ideal 
conductivity  (yv=co)  5  \  «=  2  \Q. 
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Figure  XIII. 13. 10.  Radiation  pattern  in  the  vertical  plane  of  at. 

RS  67/6  0.5/1.25  antenna  for  ground  with  ideal 
conductivity  (yv=®);  X  =  2.5  X0* 


Figures  XIII. 13. 11  and  XIII. 13.12  show  a  series  of  curv'-.i  characterir 
the  dependence  of  e  and  D  for  the  RS  67/6  0.5/1.25  antenna  on  \/\n  and  a. 
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Figure  XIII. 13.11.  Dependence  of  gain  of  an  RS  67/6  0.5/1.25  antenna 
on  wavelength  for  various  angles  of  tilt  (A). 
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Figure  XIII. 13. 12.  Dependence  of  the  directive  gain  of  an  RS  67/6  0.5/1.25 
antenna  on  the  wavelength  for  various  angles  of  tilt 

<A>. 

-  maximum  directive  gain  curve. 


Radiation  patterns  in  the  vertical  plane,  as  well  as  the  gain  factors 
and  directive  gain  have  all  been  computed  for  the  case  of  ground  with  ideal 
conductivity. 

Bent  rhombic  antennas  c«n  also  be  made  double  (RSD).  In  such  case  the 
separation  between  the  doubled  rhombuses  is  taken  as  equal  to  ~j0.2 

A  complex  antenna,  comprising  two  double  bent  rhombic  antennas  (RSD2),  can 
also  - j  made.  The' relative  increase  in  the  gain  factor  and  directive  gain 
provided  by  RSD  and  RSD2  antennas  as  compared  with  the  RS  antenna,  ia  approxi¬ 
mately  the  same  as  that  provided  by  the  corresponding  variants  of  horizontal 
rhombic  antennas. 


#XIII.l4.  Suspension  of  Rhombic  Antennas  on  Common  Supports 

In  cases  of  emergency,  when  it  is  necessary  to  string  a  great  many 
rhombic  antennas  in  a  radio  transmitting  center  and  when  the  size  of  the 
antenna  field  is  limited,  two  rhombic  antennas,  designed  for  day  and  night 
operation,  can  be  strung  over  a  common  area  on  separate,  or  common,  supports 
(fig.  XIII. 14.1). 

Experimental  research  hos  developed  the  fact  that  as  a  result  of  the 
mutual  effect,  parameters  of  antennas  strung  over  a  common  area  differ  from 
those  of  the  same  antennas  installed  over  different  areas.  Fringe  radiation 
levels  are  increased  when  two  antennas  are  strung  together. 


Figure  XIII. 14.1.  Sketch  of  a  decimeter  model  for  testing  rhombic 
antennas  strung  over  a  common  area. 

Figure  XIII. 14. 2  shows  the  experimental  curves  characterizing  the  maximum 
reduction  in  the  gain  factor  of  an  RG  65/4  1  antenna,  computed  for  an  optimum 
wave  of  20  meters,  when  it  is  strung  in  the  same  area  with  an  RG  65/4  1 
antenna  computed  for  an  optimum  wave  of  40  meters. 

Figure  XIII. 14. 3  shows  similar  curves  for  an  RGD  65/4  1  antenna. 

Figure  XIII. 14. 4  shows  the  curves  characterizing  the  maximum  reductio: 
the  gain  factor  of  an  RG  70/6  1.25  antenna,  computed  for  a-  timum  wave  oi 
18  meters,  when  it  is  strung  in  the  same  area  with  an  RG  65/"  1  antenna  com¬ 
puted  for  an  optimum  wave  of  40  meters.  Figure  XIII. 14. 5  shows  similar 
c jrves  for  the  RGD  70/6  1.25  antenna. 

.  Maximum  reduction  in  the  gain  factor  for  decimeter  models  is  found  os 
follows.  A  rhombic  antenna  with  a  shorter  optimum  wave  is  fed  from  a 
generator.  An  indicator  is  set  up  in  front  of  the  antenna  at  the  corresponding 
height  (a).  The  indicator  is  read  when  there  is  no  antenna  with  a  longer 
optimum  wave  (parasitic  ojitenna).  A  parasitic  antenna  is  then  strung.  A 
shorting  plug  is  installed  in  the  feeder  to  this  antenna.  The  shorting  plug 
is  shifted  along  the  feeder.  The  indicator  reading  is  recorded  for  each 
position  of  the  shorting  plug,  and  the  position  of  the  shorting  plug  providing 
minimum  indicator  reading  is  established. 


Figure  XIII. 14. 2. 


Dependence  of  the  e/eq  ratio  on  the  x/XQ  ratio. 

€  is  the  gain  of  an  RG  65/4  1  antenna  for  optimum 
Wave  (£,maH  rhombus)  when  strung  in  a  common 
area  with  an  RG  65/4  I  antenna  for  optimum  wave 
2X0  (large  rhombus);  Eq  is  the  gain  of  an  RG  65/4  I 
antenna  (small  rhombus) 


strung  in  a  separate  area. 


Figure  XIII. 14. 3.  Dependence  of  the  e/e-  ratio  on  the  x/)u  ratio. 

e  is  the  gain  of  .an  RGD  65/4  1  antenna  for  optimum 
wave  Xq  (small  rhombus)  when  strung  in  a  common 
area  with  an  RGD  65/4  1  antenna  for  optimum  wave 
2Xq  (large  rhombus);  Eg  is  the  gain  of  an  RGD  65/4  1 
antenna  (small  rhombus)  strung  in  a  separate  area. 

* 

A 

i, 


Figure  XIII. 14. 4.  Dependence  of  the  e/eq  ratio  on  the  X/Xq  ratio. 

c  is  the  gain  of  an  RG  70/6  1.25  antenna  for  optimum 
wave  Xq  (small  rhombus)  when  strung  in  a  common  area 
with  an  RG  70/6  1.25  antenna  for  optimum  wave  2.2 
(large  rhombus);  c0  is  the  gain  of  an  RG  70/6  1.25 
antenna  (small  rhombus)  strung  in  a  separate  area. 
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Figure  XIII. 14. 5.  Dependence  of  the  e/e0  ratio  on  the  X/Xq  ratio. 

e  is  the  gain  of  an  RGD  70/6  1.25  antenna  for  optimum 
wave  Xo  (small  rhombus)  when  strung  in  a  common  area 
with  an  RGD  70/6  1.25  antenna  for  optimum  wave  2.2  Xq 
(large  rhombus);  6q  is  the  gain  of  an  RGD  70/6  1.25 
antenna  strung  in  a  separate  area. 


The' gain  factor  ratio,  e/eQ,  is  established  through  the  formula 


e 


E  P 

r  min, 2  0 

T  ~f 


» 


(XIII. 14.1) 


where 

Eq  is  the  field  strength  in  the  absence  of  a  parasitic  rhombus; 

Emin  *s  the  m:*-n*muni  fieI-d  strength  when  a  parasitic  rhombus  is  installed; 

Pq  is  the  power  fed  to  the  antenna  in  the  absence  of  the  parasitic 
rhombus; 

P  is  the  power  fed  to  the  antenna  when  the  parasitic  rhombus  is 
installed. 

As  will  be  seen  from  figures  XIII. 14. 2  through  XIII. 14. 5,  when  two* 
rhombic  antennas  are  strung  over  a  common  area  the  maximum  reduction  in  the 
gain  factor  of  a  rhombic  antenna  is  obtained  at  heights  corresponding  to  th- 
comparatively  low  intensity  of  antenna  radiation.  At  heights  corresponding 
to  the  antenna's  maximum  radiation  the  reduction  in  the  gain  factor  obtained 
is  slight.  This  indicates  that  when  two  antennas  are  suspend-  on  common 
supports  there  is  not  too  much  distortion  in  the  radiation  pc' .em s. 

Measurements  have  revealed  that  when  two  antennas  are  st:-ung  over  a 
common  area  the  gain  factor  of  the  antenna  with  the  longer  optimum  wave  is 
practically  unchanged. 


#XIII.15.  Design  Formulation  of  Rhombic  Antennas 
(a)  Formulation  of  the  antenna  curtain 

The  theoretical  data  presented  above  were  derived  on  the  assumption 
that  the  characteristic  impedance  of  the  rhombic  antenna  remains  constant 
over  the  entire  length  of  tho  antenna.  This  is  not  so  in  practico.  In¬ 
constancy  in  the  characteristic  impedance  in  turn  results  in  inconstancy  in 
the  distance  between  the  sides  of  the  rhombus.  The  characteristic  impedance 


at  the  obtuse  angles  equals  ~  1000  ohms,  that  at  the  acute  angles  from  700 
to  800  ohms. 


Tho  sides  of  the  rhombus  arc  made  of  two  divergent  conductors  (fig. 
XIXI.15.1 ),  in  order  to  equalize  the  characteristic  impedance.  The  distance 
between  them  at  the  obtuse  angles  of  the  rhombus  is  equal  to  from  0.02  to 
0.031*  The  characteristic  impedance  of  this  rhombic  antenna  is  more  uniform 
over  the  entire  length,  and  is  equal  to  ~70O  ohms. 


Figure  XXIX. 15.1.  Rhombic  antenna,  sides  of  which  are  made 
using  two  conductors. 

Making  the  sides  of  the  rhombus  with  two  conductors,  and  thus  reducing 
the  characteristic  impedance,  also  results  in  increasing  the  efficiency  and 
the  gain  factor. 

The  data  on  efficiency  and  gain  factor  cited  above  refer  to  the  rhombic 
antenna,  the  sides  of  which  are  made  of  two  conductors.  Tha  single-conductor 
rhombic  antenna  has  a  gain  faster  10  to  15%  lower  than  that  of  the  rhombic 
antenna  made  of  two  conductors.  The  directive  gain  is  practically  the  same 
for  both  variants  of  the  rhombic  antenna. 

(b)  Terminating  resistor  design 

The  efficiency  of  rhombic  antennas  is  in  the  0.5  to  0.8  range. 
Anywhere  from  50  to  20%  of  the  power  fed  to  the  antenna  will  be  lost  in  the 
terminating  resistor.  This  must  be  taken  into  consideration  when  the  type 
of  terminating  resistor  u'^ed  is  under  consideration. 

Special  mastic  resistors  can  be  used  as  the  terminating  resistor  with 
low  p.,wcrod  transmitters  [P  *  (l-3)  kw].  With,  high  powered  transmitters, 
and  often  with  low  powered  ones,  the  terminating  resistor  will  be  in  the  form 
of  a  long  steel  or  high-resistance  alloy  conductor. 

The  length  of  the  dissipation  line  is  selected  such  that  current  amplitude 
><3  attenuated  to  0.2  to  0.3  its  initial  magnitude  as  it  flows  along  the  line. 


R^'T«r*iS 
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The  input  impedance  of  this  line  is  close  to  its  characteristic  impedance. 

The  characteristic  impedance  of  the  dissipation  line  is  usually  made  equal 
to  300,  or  600  ohms.  The  length  of  lines  made  of  steel  conductors  is  what 
provides  the  inquired  attenuation,  equal  to  300  to  500  meters.  The  length  of 
the  high-resistance  alloy  line  is  taken  as  equal  to  30  to  40  meters. 

The  dissipation  line  is  stretched  under  the  rhombus,  along  its  long 
diagonal.  For  reasons  of  economy  in  the  use  of  support  poles,  the  steel 
dissipation  line  is  made  in  several  loops,  suspended  on  common  poles. 

The  dissipation  line  must  be  made  absolutely  symmetrical  with  respect  - 
to  the  sides  of  the  rhombus  in  o.der  avoid  high  induced  currents. 

The  resistance  per  unit  length  of  a  vwo-conductor  dissipation  line  can 
be  computed  through  the  formula- 


(ohms/meter) , 


where 


r  is  the  radius  of  the  conductor  used  in  the  line,  in  mm; 

is  the  relative  permeability.  At  high  frequencies  the  permeability 
of  steel  and  high-resistance  alloy  equals  p,  80; 

r_7 

p  is  the  specific  resistance  (for  steel  p  =  IO  ohms/...eter.  for 
high-  -esistance  alloy  p  =  8  •  10  ohms/meter) ; 

X  is  the  wavelength  in  meters. 

The  radius  of  the  conductors  used  in  the  dissipation  line  is  taken 
equal  to  1  to  2  mm. 

(c)  Matching  the  rhombic  antenna  with  the  feeder  and 
terminating  resistor _ 

The  characteristic  impedance  of  one  rhombic  antenna  can  be  matched 
wilh  the  characteristic  impedances  of  the  feeder  and  the  dissipation  line, 

600  ohms,  quite  well.  No  transitional  devices  are  required  between  the  sin-  e 
rhombic  antenna  and  the  feeder,  or  dissipation  line. 

Tho  characteristic  impedance  of  the  double  rhombic  antenna  is  300  to 
350  ohms.  Used  to  match  it  with  a  feeder  vrith  a  characterise  ■  impedance  o 
600  ohms  is  an  exponential  four-wire  feeder  transformer  with  •  ■ esistance 
transformation  ratio  of  300/ 600. 

The  type  TF4  300/600  40  transformer  is  used  for  this  feeder  transformer 
in  the  case  of  the  antenna  with  a  maximum  operating  wave  of  50  to  60  meters, 
while  the  type  TF4  300/600  60  is  used  with  antennas  operating  on  longer 
waves.  S tap  transitions  (see  Chapter  £1)  can  also  be  used. 

Figures  XIII. 15. 2,  XIII. 15. 3*  XIII. 15.4  and  XIII. 15. 5  show  sketches 
of  RG  65/4  1,  RGD  65/4  1,  RGD2  tr/4  anci  RS  67/6  0.5/1.25 
antennas.  Basic  structural  details  of  the  antennas  are  indicated  in  the 
sketches. 
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Figure  XIII. 15.2.  Sketch  of  an  RG  65/4  1  antenna. 

Designations:  H  -  average  height  at  which  antenna 
conductors  are  suspended;  H=Xo»  1=4Xqj  d=3»38X()i 
D=7.25Xqi  S=2.5  to  3  m,  $=65°;  1-1  -  antenna  supply 
feeder;  2-2  -  dissipation  line  feeder;  3~3  ~  dissipa¬ 
tion  line;  4  -  dissipation  line  ground.  Antenna 
conductor  diameter  is  at  least  4  mm.  Characteristic 
impedance  of  dissipation  line  approximately  600  ohms. 


Figure  XIII. 15*3 •  Sketch  of  an  RGD  antenna. 

The  dimensions  of  RG  antennas  which  form  the  RGD 
antenna  are  in  accordance  with  the  data  cited  in 
Figure  XIII. 15.2.  Designations:  D^»(o.8  to  1 ) Xo* 
1-1  -  antenna  supply  feeder;  2-2  •  dissipation  line 
feeder;  3-3  -  dissipation  line;  4  »  dissipation 
.  line  ground;  5  -  exponential  feeder  transformer. 
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Figure  XIII. 15.4.  Sketch  of  an  RGP2  antenna. 


The  dimensions  of  RGD  antennas  which  form  che  r:DG2 
antenna  are  in  accordance  with  the  data  cited  in 
figures  XIII. 15. 2  and  XIII. 15. 3*  Designations: 
D2=d+(l.l  to  1 . 2 )  D^ ;  D^sfO.S  to  1)Xq!  1-1  -  antenna 
supply  feeder;  2-2  -  feeder  to  dissipation  line; 

3~3  “  dissipation  line;  4  -  dissipation  line  ground; 
5  -  exponential  feeder  transformer. 
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Figure  XIII. 15. 5.  Sketch  of  an  RS  67/6  0.5/1.25  anteni 

Designations:  H=1.25  X0>  h=0.5  X0!  S 0;  d=4-7XQ. 
D=11.06Xo>  $=67°;  1-1  -  antenna  supply  feeder; 

3-3  -  dissipation  line;  4  -  dissipation  line  grou  - 

The  schematic  diagrams  for  the  formation  of  the  l 
and  RSD2  antennas  from  the  RS  antennas  are  simil  ■ 
to  those  for  forming  RGD  and  RGD2  antennas  from 
RG  antenna. 


(d)  Supports  for  suspending  a  rhombic  antenna 

Supports  for  use  in  suspending  rhombic  antennas  con  be  wooden,  or 
metal.  When  metal  masts  are  set  up  at  the  obtuse  angles  they  should  be  s 
5  to  6  meters  from  the  apex  of  the  angle  to  avoid  inducing  high  currents  in 


the  masts.  The  field  radiated  by  the  induced  currents  interacts  with  the  main 
field  and  can  cause  a  marked  reduction  in  antenna  efficiency.  Excitation  of 
the  supports  can  also  cause  a  substantial  reflection  of  energy  at  the  obtuse 
ingles  of  the  rhombus. 

The  reasons  cited  are  wb  '  it  is  undesirable  to  suspend  basket  cables  on 
i..asts  installed  at  the  obtuse  angles  of  the  rhombus.  It  is  also  extremely 
undesirable  to  use  lift  cables  at  the  obtuse  angles.  It  is  desirable  to 
dead-end  the  rhombus  to  the  mast  at  the  obtuse  angles. 


#X-II.l6.  Rhombus  Receiving  Antennas 

The  data  presented  above  with  respect  to  the  electrical  parameters  of 
x'hombic  transmitting  antennas  apply  equally  to  rhombic  receiving  antennas. 

An  additional  parameter,  characterizing  the  quality  of  the  rhombic  re¬ 
ceiving  antenna  is  the  effective  length,  established  through  the  formula 

(xm.16.1) 


Figure  XIII. 16.1  shows  the  curve  for  the  dependence  of  I  on  l/X_ 

exi  u 

for  the  RG  65/4  1  antenna,  computed  for  an  optimum  wave  of  25  meters.  The 
curve  was  plotted  as  applicable  to  the  maximum  gain  factor  and  for  a  feeder 
with  a  characteristic  impedance  of  208  ohms. 

The  effective  length  can  be  obtained  quite  readily  for  the  RG  65/4  1  an¬ 


tennas  designed  for  optimum  waves  different  from  25  meters  by  multiplying 

values  for  t  taken  from  the  curve  in  Figure  XIII. 16.1  by  X~/25.  ■ 
eii  u 


Figure  XIII. l6.1.  Dependence  of  effective  length  of  the  RG  65/4  1 
antenna  on  X/Xq  (Xo  =  25  meters).  Transmission 
line  characteristic  impedance  WF  =  208  ohms. 


Let  us  pause  to  consider  some  of  the  features  involved  in  designing 
rhombic  receiving  antennas. 

~he  sides  of  the  rhombic  transmitting  antenna  are  made  of  two  conductors 
in  order  to  improve  the  match  to  the  feeder  and  to  increase  the  gain  factor. 

In  the  case  of  the  rhombic  receiving  antenna  neither  the  increase  in  the  gain' 
nor  improvement  in  the  match  are  very  substantial*  so  the  sides  of  the  rhoabie 
receiving  antenna  can  be  made  with  one  conductor.  However,  it  is  better  to-  - 
.-.-’-c  the  sides  of  the  rhombus  with  two  conductors. 
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The  terminating  resistor  for  the  rhombic  receiving  antenna  can  l ..  ir.ade 
of  thin,  high-ohmic  wire  because  the  currents  flowing  in  this  antenna  are  not 
very  high.  The  wire  usually  used  is  one  with  a  linear  resistance  of  400  to 
600  ohms/meter,  double  wound  to  reduce  the  inductive  component  of  the  impedance. 
The  terminating  resistor  is  made  as  shown  in  Figure  XIII. 16. 2  in  order  to 
reduce  the  shunt  capacitance  of  the  winding.  It  is  better  to  use  mastic 
terminating  resistors  with  a  very  low  reactive  component  of  the  impedance. 

These  are  ceramic  tubes  with  a  very  thin  conducting  layer  (made  of  graphite, 
for  example)  on  the  outer  surface.  This  latter  is,  in  turn,  coated  with  a 
thin, , protective  lacquer  coating.  The  terminating  resivors  are  installed  in 
air-tight  boxes.  The  magnitude  .of  the  terminating  resistor  is  taken  equal 
to  600  to  700  ohms. 


Figure  XIII. 16. 2.  Schematic  diagram  of  the  coiling  of  the  terminating 
resistor  of  a  rhombic  receiving  antenna. 

High  currents  can  be  induced  in  the  antenna  during  thunderstorms  and 
this  can  cause  burning  of  the  terminating  resistor.  It  is  desirable  to 
connect  the  terminating  resistor  to  the  antenna  through  the  feeder,  as  shewn 
in  Figure  XIII. 16. 3,  since  this  makes  it  convenient  to  replace  the  resistor 
if  it  is  burned.  The  characteristic  impedance  of  this  feeder  should  eg  ;al 
600  to  700  ohms. 

It  is  desirable  to  review  the' lightning  protection  provided  the  tenminatir 
resistor  (fig.  XIII. 16. 4).  The  chokes  and  dischargers  for  lightning  protect- •.« 
can  be  made  in  the  some  way  as  arc  those  for  polyplexers  and  lead-ins  (so- 
Chapter  XIX) .  i 

A  dissipation  line,  which  requires.no  special  lightning  -  .tection,  ca  . 

be  used  as  a  dependable  terminating  resist or.  A  small  diarne?  >  (l  to  1.5  mm)  j 

•  | 

conductor  can  be  used  to  make  a  dissipation  line  for  a  receiving  antenna,  j 

and  the  leqgth  of  a  steel  line  can  be  cut  to  120  to  150  meters.  This  di>_i"\-  j 

tion  line  -can  be  made  in  the  form  cf  several  loops,  30  to  40  meters  long, 
suspended  on  common  poles.  The  dissipation  line  can  also  be  made  of  high 
resistance  alloy  conductor,  and  when  tho  diameter  is  1  mm  the  lino  length  j 

should  be  on  the  order  to  20  to  40  meters.  ] 

The  characteristic  impedance  of  the  line  should  equal  600  to  650  ohms. 

The  end  of  the  dissipation  line  should  be  grounded. 

The  transmission  line  for  a  rhombic  receiving  antenna  can  be  made  of  .  j 

four-wire  crossed  line  with  a  characteristic  impedance  of  208  ohms.  An  j 


O 


Figure  XIII. lb. 3.  Schematic  diagram  of  how  the  terminating 

resistor  (R)  is  inserted  in  a  rhombic  antenna 
at  a  height  which  can  be  reached  from  the 
ground. 


Figure  XII 1.16.4. 


Schematic  diagram  of  the  lightning  protection 
for  a  terminating  resistor. 


R  -  terminating  resistor;  L,  -  coil  for  draining  off 
static  charges.  A  -  discharger. 


V 


exponential  feeder  transformer  can  be  used  to  match  the  four-wire  line  to 
the  antenna,  and  is  usually  made  in  two  sections,  a  vertical  and  a  horizontal 
(fig.  XIII. 16. 5)*  The  vertical  section  is  a  two-wire  exponential  transmission 
line,  TF  /00/350,  of  length 


X  =  H  -  h, 

where 

H  is  the  height  at  which  the  rhombus  is  suspended; 
h  is  the  height  at  which  the  transmission  line  is  suspended. 

The  horizontal  section  is  a  four-wire  crossed  exponential  transmission 
:ine,  TF4P  340/208,  30  meters  long.  Pesign-wise,  the  TF4P  exponential  trans¬ 
mission  line  is  &  straight  line  continuation  of  the  transmission  line.  A 
description,  and  the  schematics  oi  the  TF  700/350  and  TF4P  3^0/208  trans¬ 
mission  lines,  are  given  below. 
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•  Figure  XIII. l£,5.  Schematic  diagram  of  the  matching  of  a  rhombic 
receiving  antenna  to  a  four-wire  transmission. 

'  A  -  four-wire  transmission;  B  -  TF4P  3^0/208 

transmission;  C  -  TF2  700/350  transmission; 

D  -  acute  angle  of  the  rhombus. 


Double  rhombic  receiving  antennas  are  connected  to  the  transmission  line 
through  an  exponential  feeder,  TF4P  300/208. 

Step  transitions  con  also  be  used  to  match  the  rhombic  antenna  to  the 
transmission  line. 


4 


V 


RA-008-68 


396 


Chapter  XIV 

TRAVELING  WAVE  ANTENNAS 


#XIV.l.  Description  and  Conventional  Designations 

The  traveling  wave  antenna  is  a  broadband  antenna,  and  is  ordinarily 
used  for  reception.  Figure  XIV. 1.1  shows  the  schematic  diagram  of  the  an¬ 
tenna,  and  as  will  be  seen  is  made  up  of  balanced  dipoles  connected  to  a 
collection  line  at  equal  intervals  through  a  coupler  ^COUpj^»  Pur®  resistance, 
R  ,  equal  to  the  line's  characteristic  impedance  is  connected  across  the  end 
of  the  collection  line  facing  the  correspondent  being  received.  The  other 
end  of  the  collection  line  goes  to  the  receiver. 

The  traveling  wave  antenna  is  usually  suspended  horizontally,  16  to 
40  meters  above  the  ground.  The  antennu  is  about  100  meters  long.  The  number 
of  dipoles,  their  length,  the  characteristic  impedance  of  the  collection  lino, 
as  well  as  the  resistance  of  tho  couplings,  are  all  selected  in  order  to 
satirfy  the  condition  of  obtaining  the  optimum  parameters  within  the  limits 
of  the  vices!  possible  waveband.  As  will  be  shown  ir  what  follows,  when  pure 
resistance  is  selected  for  use  as  the  coupling  it  is  possible  to  use  one 
antenna  to  cover  the  entire  shortwave  band. 


Figure  XIV. 1.1.  Schematic  diagram  of  a  traveling  wave  antenna. 

A  -  to  receiver:  B  -  coupling  element,  Z  ? 

Ca 

C  -  pure  resistance. 


Two,  ojr  four,  parallel  connected  traveling  wave  antennas  are  often  used 
to  improve  directional  properties.  Figure  XIV. I. 2  is  a  sketch  of  a  traveling 
wave  antenna  array  comprising  two  identical  antennas  connected  in  parallel. 

A  further  improvement  in  the  directional  properties  can  be  obtained  by  position¬ 
ing  several  traveling  wave  antennas  one  after  the  other  (in  tandem),  as  shown 
Figure  XIV. 1.3.  Each  of  tha  identical  antennas  is  connected  to  the  re¬ 
ceiver  by  its  own  feeder,  the  length  of  which  is  selected  such  that  the  emf* 
produced  at  the  receiver  input  by  the  antennas  are  in  phase,  or  very  nearly 
so.  This  arrangement  in  connecting  the  antennas  makes. it  possible  to  control- 

/  h 

the  receiving  pattern  in  the  vertical  plane  by  using  phase  shifters  (sea 
below). 
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Figure  XIV. 1.2.  Schematic  diagram  of  a  multiple  traveling  wave 
antenna. 

A  -  to  receiver;  B  -  coupling  element,  Z  .  5 
C  -  pure  resistance. 


K  npuLHHUKg  * 

Figure  XIV. 1.3.  Schematic  diagram  of  a  multiple  traveling  wave 
antenna  with  a  controlled  reception  pattern  in 
the  vertical  plane. 

A  -  to  receiver;  B  -  traveling  wave  antenna. 

The  traveling  wave  antenna  is  designated  by  the  letter  The  ..econd 
letter  in  the  antenna  designator  shows  the  nature  of  the  deco  ling  resistor. 
If  pure  resistance  is  used  for  the  decoupling  resistors,  the  antenna  is  desig¬ 
nated  by  the  letters  BS.  If  reactance  is  used  for  the  decoupling  resistors 
the  designation  is  BYe  (capacitive)  or  B1  (inductive). 

The  number  of  traveling  wave  antenna  connected  in  parallel  is  design; 
by  a  number  following  the  antenna's  conventional  designation.  For  example, 
a  traveling  wave  antenna  array  comprising  two  parallel  connected  antennas  v  t  1 
pure  resistance  couplings  is  designated  BS2.  When  antennas  are  positioned  in 
tandem  the  number  of  antennas  installed  one  after  the  other  is  designated 
a  number  placed  in  front  of  the  antenna  designation. 


'v_y 
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Corresponding  numerical  designations  art  added  to  the  conventional 
designation  to  show  the  antenna's  basic  characteristics.  The  complete  con¬ 
ventional  designation  for  the  traveling  wave  antenna  with  pure  resistance 
couplings  can  be  described  by  the  following 


BS  N/l  R/t1  H, 


where 


N  is  the  number  of  balanced  dipoles  in  one  antenna  curtain; 

;  is  length  of  one  arm  of  c  balarced  dipole,  in  meters; 

K  is  the  resistance  of  the  coupling  connected  in  one  arm  of  a  dipole, 
in  ohms; 

;  is  the  distance  between  adjacent  dipoles,  in  meters; 

H  is  the  height  at  which  the  antenna  is  suspended,  in  meters. 

If  the  antenna  uses  reactance  for  coupling  the  R  in  the  conventional 
oesignation  is  replaced  by  the  magnitude  of  the  capacitance  of  the  coupling 
in  centimeters  (the  CYe  antenna),  or  by  the  magnitude  of  the  inductance  in 
microhenries  (BI  antenna).  • 

For  example,  3Ye2  2l/8  15/4.5  16  designates  a  traveling  wave  antenna 
comprising  two  parallel  connected  antennas  with  capacitance  coupling,  the  data 
for  which  are:  N  =  21 ,  1=8  meters;  =  4.5  meters;  =-  15  centimeters; 

H  a  16  meters;  where  C,  is  the  capacitance  of  the  condenser  connecting  each 
arm  of  the  dipole  to  the  collection  line. 

#XIV.2.  Traveling  Wave  Antenna  Principle 

Balanced  dipoles  receive  electromagnetic  energy.  The  emf  induced  in 
the  dipoles  by  the  incoming  wave  produces  a  voltage  across  the  collection 
line. 

An  equivalent  schematic  of  a  traveling  wave  antenna  can  be  presented  as 

shown  in  Figure  XIV. 2, X.  where  the  balanced  dipole  has  been  replaced  by  a 

source  of  emf,  e,  and  impedances  2  and  23  ,  where 

a  co 

Z  is  the  input  resistance  of  the  dipole: 
d 

2.4  in  the  resistance  of  two  sorias-connocted  couplings, 

co 


* '  -> 

u 


Sftr 

C 


($4  (04  («)*f  <*):,  (u)<r(*)0  (cVr 

,ADhCtfi  Q4  Qi,  ry>  qz, 


».r  x.f 


Figure  XIV. 2.1.  Equivalent  schematic  diagram  of  a  traveling  weve 
oTit^nnA* 


e  -  source  of  emf;  A  -  Z^,  dipole  input  resistance;  B 
resistance  of  two  series-connected  coupling 


2Z 


co 


eleaenr.s;  C  -  receiver. 


U.all 


The  summed  resistance  (2^  +  2Z^)  is  usually  a  great  deal  highe. 
the  characteristic  impedance  of  the  collection  line,  while  the  distance  between 
dipoles  is  small  compared  to  the  wavelength.  Given  these  conditions,  the  col¬ 
lection  line  can  be  considered  to  be  a  line  with  uniformly  distributed 
constants,  that  is,  as  a  line  with  constant  characteristic  impedance* 

The  effect  of  the  dipoles  on  the  propagation  factor  in  the  first  approxi¬ 
mation  can  be  reduced  to  a  change  in  the  distributed  constants  for  the 
collection  line.  The  input  conductance  of  the  dipole  and  coupling,  equal  to 
conventionally  be  taken  as  uniformly  distributed  over  the 
entire  space  between  two  adjacent  dipoles,  and  the  additional  distributed 
conductance  of  the  line,  determined  by  the  effect  of  the  dipoles,  is  obtained 
equal  to 

1 

122  ♦  Z)f  * 

co  d  1 

Since  the  resistances  induced  in  the  different  dipoles  are  different, 

the  characteristic  impedance  of  the  line  changes  somewhat  from  dipole  to 

dipole.  Hot/ever,  this  need  not  be  taken  into  consideration  when  explaining 

the  antenna's  operating  principle,  so  the  characteristic  impedance,  and  the 

phase  velocity,  are  taken  as  constant  along  the  entire  length  of  the  antenna. 

Let  us  consider  the  operation  of  one  emf  source,  e^,  for  example.  F.mf 

produces  some  voltage,  ,  across  the  collection  line,  and  this  voltage 

causes  two  waves  of  current  to  flow  on  the  line,  one  of  which  is  propagated 

toward  the  receiver,  the  other  toward  the  terminating  resistor.  In  accordance 

with  the  assumption  made  with  respect  to  the  fact  that  the  collection  line 

can  be  considered  a  system  with  constant  characteristic  impedance,  both  waves 

o^  current  will  not  be  reflected  over  the  entire  propagation  path  fro®  .their 

points  of  origin  to  the  ends  of  the  line.  The  wave  propagated  toward  the 

terminating  resistor  has  no  effect  on  the  receiver.  Reception  strength  is 

determined  by  the  wave  directed  toward  the  receiver  input.  All  the  other 

dipoles  in  the  antenna  function  similarly.  The  total  current  at  the  recei  ?» 

input  is  determined  by  the  relationship  of  the  phases  of  th  irrents  vhi.  h 

are  originated  by  the  individual  emf  sources. 

Let  us  look  at  the  case  when  the  direction  of  propagation  of  the  ince 

beam  coincides  with  the  direction  in  which  the  collection  line  is  orientaci, 

as  indicated  by  arrow  1  in  Figure  XIV. 1.1.  Let  us  now  explain  the  relate  a 

ship  of  the  phases  of  the  currents  from  two  eafs,  and  e^,  for  example- 

The  phase  angle  between  the  currants  at  the  receiver  input  from  sources  < 

• 

and  equals 


Ye  YiT 


where 


y  is  the  phase  angle  between  e_  and.  e-t 
e  3  o 


?  -/T,  w  •  wj  un  4 


RA-008-68 


^  is  the  phase  angle  developed  because  the  currents  from  sources  e^ 

and  &,  flow  along  paths  of  different  lengths, 
b 

In  the  case  specified  e,  leads  e  ,  and 

o  J 

*#  =  3a/,:  <=  — —  3/,; 

=  — . 

c 


v  is  the  phase  velocity  of  propagation  of  the  electromagnetic  wave 
along  the  line; 

c  is  the  speed  of  light. 

Substituting  the  values  for  and  we  obtain 

c,=3a/i(1-i)- 

The  lag  between  the  currents  from  any  two  dipoles,  the  spacing  between 
which  is  distance  nl  ,  equals 

If  the  magnitude  of  is  close  to  unity  this  lag  is  very  small. 
Accordingly,  if  the  phase  velocity  of  propagation  of  the  current  along  the 
collection  line  differs  but  slightly  from  the  speed  of  light,  the  currents 
from  all  dipoles  will  be  close  to  being  in  phase  at  the  receiver  input,  thus 
providing  effective  reception  of  beams  propagated  in  the  direction  of  arrow  1. 

The  current  phase  relationships  between  the  individual  dipoles  at  the 
receiver  input  are  less  favorable  when  the  directions  of  an  incoming  beam 
differ  from  that  reviewed.  By  way  of  illustration,  let  us  take  a  case  Vhen 
the  direction  of  the  incoming  beam  is  opposite  to  that  in  the  case  reviewed 
(arrow  2  in  fig.  XIV. 1.1 ).  We  will,  in  this  case,  look  into  the  relationship 
between  the  current  phase  relationships  for  the  third  and  sixth  dipoles. 


As  before,  the  phase  angle  equals 


Since  e„  leads  e,  in  this  case, 
i  b 


Total  lag  equals 


't>  *=  —  3*lJ\  +  “j- 


The  lag  between  the  currento  for  any  two  dipoles  at  distance  ntj  fro* 


other  equal 8  tn  “  *vyl  j  i  1  +  l/-'j  )  • 


I 

j 

i 

! 


1 

; 

j 

i 

! 

i 

1 


\ 


u  u 
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As  will  be  seen,  very  large  phase  angles  can  result.  Tho  relationship 
between  the  phases  of  the  currents  for  individual  dipoles  will  become  un¬ 
favorable  and  the  reception  strength  will  be  very  much  less  than  in  the  first 
case. 

What  has  been  said  demonstrates  that  when  the  number  of  dipoles  is 
sufficiently  large,  and  when  the  curtain  is  of  sufficient  length,  the  an¬ 
tenna  will  have  sharply  defined  directional  properties  if  phase  velocity  of 
propagation  along  the  line  is  close  to  the  speed  of  light. 

#Xl V . 3 .  Optimum  Phase  Velocity  of  Propagation 

The  phase  velocity  of  propagation  of  a  wave  on  a  collection  line  is  a 
highly  important  parameter,  one  with  a  decisive  effect  on  the  property  of 
the  traveling  wave  antenna.  The  connection  between  the  phase  velocity  of  pro¬ 
pagation  and  the  magnitude  of  the  directive  gain,  D,  can  be  characterised 
by  the  curves  presented  in  Figure  XXV. 3.1  (see,  for  example,  G*  Z.  Ayxenberg, 
Ultras'nort  Wave  Antennas,  Chapter  X.  Svyas'izdat,  1957) •  Tills  figure  shows 
the  dependence  of  the  relative  magnitude  of  the  directive  gain  D/Dq  on  the 
magnitude 

(XIV.3.1) 

which  characterises  the  phase  velocity,  v,  of  the  propagation  of  a  wave  on 
the  collection  line.  In  formula  (XXV.3.1)  L  is  the  length  of  the  antenna, 
and  »  v/c.  The  data  presented  in  Figurw  XXV.3.1  characterise  the  directional 
properties  of  an  antenna  made  up  of  nondirectional  elements. 


Figure  XXV.3.I0  Dependence  of  relative  directive  gain  D/D  on  Aj 
Dq  is  the  directive  gain  whan  A  ■  0  (v  •'<!)•-.  ■ 

The  curves  shown  in  Figure  XXV.3.1  were  calculated  through  tha  formula 


i 

i 


...  I ,  •  . 


Derivation  is  givan  in  G.  Z.  Aysenberg,  Ultrashort  Wava  Antennas,  SvyaCisdat, 

!957.  '  “ 


”  -V'  “ 


o 
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where 


/- 


D-2*L 

1—cojA  , 


1  —  cot  A 
A'l 

1  —  cojfl 


B 


—  sM, 


fl.cL(J--hJ). 


(XIV. 3. 2) 


(XIV.3.3) 
(XIV. 3. 4) 


The  magnitude  A  ia  the  lag  between  the  currents  created  by  the  emfs  in¬ 
duced  in  the  first  (closest  to  the  receiver)  and  last  dipoles  at  the  receiver 
input  wheii  a  wavs  propagated  in  the  direction  of  arrow  1  (fig.XIV.l.l)  is 
received.  DQ  is  the  directive  gain  for  the  in-phase  addition  of  the  currents 
flowing  in  all  dipoles  at  the  receivwr  input  (v  *  c;  *  l). 

Positive  values  of  A  correspond  to  a  phase  velocity  of  propagation,  v,  on 
an  antenna  at  less  than  the  speed  of  light  (k^  <  l).  Negative  values  of  A 
correspond  to  a  phase  velocity,  v,  at  greater  than  the  speed  of  light.  This 
phase  velocity  can  be  obtained  by  using  an  inductive  coupling  between  the 
dipoles  and  the  collection  line. 

Increase  in  directive  gain  with  reduction  in  phase  velocity  as  compared 
with  the  speed  of  light  ij  the  result  of  the  narrowing  of  the  major  lobe  of 
the  reception  pattern.  The  directive  gain  reaches  a  maximum  approximately 
double  the  DQ  value  when  A  **  l80®.  This  mede  is  characterised  by  currents  at 
the  receiver  input  caused  to  flow  by  the  emls  induced  in  the  first  and  last 
dipoles  that  are  opposite  in  phase.  The  receiving  pattern  of  an  antenna 
operating  in  this  mode  (A  -  l80°)  has  a  comparatively  narrow  major  lobe.  The 
side  lobes  are  somewhat  larger  than  is  the  case  when  k,  ■  1.  With  further 
reduction  in  phase  velocity  the  major  lobe  narrows  even  more,  but  the  side 
lobe  level  increases  to  the  point  where  there  is  a  reduction  in  the  directive 
gain. 

The  reduction  in  the  directive  gain  when  there  is  an  increase  in  phase 
velocity  with  respect  to  the  speed  of  light  is  tho  result  of  the  expansion 
and  splitting  in  two  of  the  major  lobe.  At  increased  phase  velocity  (k^  >  l) 
the  direction  of  the  maximum  radiation  from  the  antenna  does  not  coincide 
with  its  axis. 


By  way  of  illustration  of  what  has  been  naid,  Figure  XIV. 3. 2  shows 
three  receiving  patterns  charted  for  the  case  when  L  «  4\  and  for  three 
values  of  k^.  The  pattern  in  Figure  XIV. 3. 2a  was  charted  for  the  optimum 
value  of  k^,  established  from  the  equality  A  ■  180®,  that  is, 


_  2L 

'*1  opt  "  2L  +  \ 


(XJV.3.5) 


which  yields  a  magnitude  k  <*  O.89  when  L  ■  4l» 
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The  pattern  in  Figure  XIV. 3. 2b  was  charted  for  k,  =1  (v  ■  c),  while  that 

•*  x  1 

in  Figure  XIV^3.2c  was  charted  for  k^  <■  1/0. 89  ■  1.12.  This  k^  value  corresponds 
to  A  -  -l80°. 


so  so  to  30 


a 


270  300  330 


SO  .  to  3. 


Figure  XIV. 3. 2.  Reception  patterns  of  a  traveling  wave  antenna  for 

a  wavelength  of  4\  for  different  magnitudes  of  k^  »  v/c. 

The  curves  shown  in  figures  XIV. 3 „1  and  XIV. 3. 2  were  charted  without 
taking  the  directional  properties  of  the  antenna  elements  into  consideration. 

At  the  same  time,  the  increase  in  the  directive  gain  with  decrease  in  the 
phase  velocity  can  be. limited  by  the  growth  in  the  side  l&bes.  If  the 
directional  properties  of  the  dipoles,  which  causo  &  reduction  in  the  side 
lobes  are  taken  into  consideration,  the  optimum  value  of  A  can  be  increased. 

Figures  XIV. 3. 3  through  XIV. 3. 6  show  the  dependence  of  the  directive  gain 
of  a  traveling  wave  antenna  on  the  magnitude  of  A  for  cases  when  the  direction¬ 
al  properties  of  the  antenna  element  can  be  described  by  the  equality 

F('i\  ~  V cos  'j;  F(h)  --  cos  0;  F{'i)  =  cos‘0. 


! 


x-  y  *-  ' 


w 
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where  0  is  the  angle  between  the  axis  of  the  antenna  and  the  direction  from 
which  the  beam  is  arriving.  Data  are  cited  for  the  cases  when  L  =<  X, 
h  »  2X,  L  ■  4Xi  and  L  =  10X*  The  dependence  of  the  directive  gain  on  A  for 
an  antenna  the  elements  of  which  are  nondirective,  is  plotted  on  these  curves 
for  purposes  of  comparison.  is  the  directive  gain  of  the  antenna  when 
k.  *  1  and  F(0)  ■  1,  in  the  curves  shewn  in  figures  XIV. 3. 3  through  XIV.3.6. 


Figure  XIV. 3. 3-  Dependence  of  relative  directive  gain  of  a  traveling 
wave  antenna  D/D^  on  A  for  different  directional 
properties  of  antenna  elemental  DQ  is  the  directive 
gain  of  the  antenna  when  A  =  0  and  F(0)  ■  1. 


‘  The  curves  shown  in  figures  XIV.3.3  through  XIV.3.6  were  calculated 
through  the  formulas1 


for  the  case  when  F(© )  a~\f cos  0 

0=2(aL)» 


where 


1  —  cos  A 

A*/,  . 


/»=C 


[—* 


COS  A  .  I  —  C05  is  -  I  —  co sC 

+  fl  c 


-siA-siS  +  2sicj  +  ln-~—  c\A  —  cifl  +  2ciC, 


B  =>  a  L 


(t  +  1) 


.  C  =  ; 


(xiv.3.6) 


(xiv.3.7) 

(XIV.3.8) 


for  the  case  when  F(0)  *  cos  0 


2(a/.)‘ 


1  —  cos  A 

A'l, 


where 


h' 


2  (A  -j-  a  /.)*  .  (A  -H  a  L)*  f  cos  /(  cos  A 


(XIV.3.9) 


All 


S123  — si^W 

•  L  \  li  A  ) 


-  Hd±jJA  j  In  JL  _  ci  B  +  ci  A)  +  2  -  -s-^t 


sin  B  —  sin  A 


(XIV.3.10) 


1.  Formulas  (XIV.3.6,  XIV.3.9  and  XIV. 3. ll)  were  derived  in  G.  Z.  Ayzenberg's 
i-  article  "The  Traveling  Wave  Antenna  with  Resistive  Coupling  Elements,"  in 

j  Radiotekhnika,  Vol.  14,  No.  6,  1959. 
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for  the  case  when  r(9)  =  cos  0 


A'lt 


(XXV.3.11) 


where 


/.  =  2  (^1  +  a  1)«  y,.  -  1  4-  Si  t>  —  SI  /i  I  — 

*  (jJL)*AB  (a/.)1  \  B  A  I 

-4<^('"T -da  +  d-i)  +  .(^±!i.),(»- 

sinfl-smA\  4(A  +  *L)_  ( —  cos  3  +  cos  A  +  Bsin  B- 
a  L  1  i»i)’  l  2 


/  cos  B 

cos  A  , 

l  a 

A  1 

sin  i4)  t — j—  •  —  2B  cos  B  +  2i 

/  (sti)5  L  3 

-  (B*  —  2)  sin  B+ (A1  —  2)  sin  /j 


—  2BcosB  +  2i4cosi4- 


(XIV.3.12) 


As  will  be  seen  from  the  curves  in  figures  XIV. 3. 3  through  XIV. 3*6,  the 
calculation  of  the  directional  properties  of  the  antenna  elements  results  in 
an  increase  in  the  optimum  value  of  A,  as  well  as  to  some  increase  in  the 
gain  as  compared  with  the  case  of  F(0)  =  1. 
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Figure  XIV. 3. 4.  Dependence  of  the  relative  directive  gain  of  a 
traveling  wave  antenna  D/Dq  on  A  for  different 
directional  properties  of  the  antenna  elements; 
Dq  is  the  directive  gain  of  the  antenna  when 
A  =  0  and  F(g)  =  1. 


1  I  I  ■[  ;  j  |  |  |  ftl  I  l  1  U, 

Hi_}_ 

_ LJ ! _ 1 1  ^ — I —  XVvW-ctfW  —  ^ 

I  !  1  q,  rx  1-10-4 — iowi'cSJJt - 

1  1  1  A/*'  >w-/ 

1  ujju, 

-i*  it)  no  iso  no  too  to  to  so  to  0  u  so  so  if  no  120  iso  tso  no  200  2202200 

Figure  XIV. 3. 5»  Dependence  of  the  relative  directive  gain  of  a 
traveling  wave  antenna  D/Dq  on  A  for  different 
directional  properties  of  the  antenna  elements; 
Dq  is  the  directive  gain  of  the  antenna  when 
A  =  0  and  F(q)  =  1. 
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Figure  XIV. 3. 6.  Dependence  of  the  relative  directive  gain  of  a 
travel  ii  wave  antenna  D/Dq  on  A  for  different 
directional  properties  of  the  antenna  elements; 

Dq  is  the  directive  gain  of  the  antenna  when  ' 

A  =  0  and  F(g)  =  1. 

The  data  cited  above  are  for  the  case  when  the  receiving  patterns  of 
t,»e  antenna  elements  have  axial  symmetry.  The  reception  patterns  of  the  di¬ 
poles  of  a  traveling  wav.e  antenna  do  not  have  axial  symmetry.  Nevertheless, 
the  curves  shown  in  figures  XIV.3.3  through  XIV. 3. 6  characterize  the  proper¬ 
ties  of  this  antenna. 

The  curves  obtained  for  F(q)  = ~^fcos  0  characterize  the  D/D^  ratio  for  a 
traveling  wave  antenna  made  of  short  dipoles  in  free  space.  The  pattern  of 
short  dipoles  in  the  principal  E  plane  (the  plane  passing  through  the  dipoles) 
can  be  established  by  the  factor  F(©)  =  cos  0,  while  the  pattern  in  the 
principal  H  plane  (the  plane  normal  to  the  axes  of  the  dipoles)  is  a  circle, 
F(0)  =  1.  Property-wise,  this  antenna  approaches  that  consisting  of  dipoles, 
the  patterns  of  which  have  axial  symmetry  and  can  be  described  by  the 
function 

F(g)  cos  0. 

* 

If  the  ground  effect  i3  caken  into  consideration  the  dipoles  take  on 
directional  properties  in  the  principal  K  plane  as  well.  Antenna  patterns 
charted  with  the  ground  effect  considered  do  not  have  axial  symmetry,  but 
in  some  range  of  the  H/l  ratio  (H  is  the  height  of  suspension  above  the 
ground)  the  magnitude  of  D/Dq  for  the  antenna  satisfactorily  characterizes 
the  curves  computed  for  the  case  F(@)  =  cos  0. 

A  traveling  wave  antenna  consisting  of  two  arrays  side  by  side,  suspended 
at  the  same  height  and  connected  in  parallel,  can  be  considered  as  a  single 
traveling  wave  antenna  made  up  of  twin  dipoles  with  increased  directivity 
in  the  principal  E  plane.  And  if  the  effect  of  the  ground  is  taken  into  con¬ 
sideration  tho  directional  properties  of  tho  antenna  as  a  whole  «an  bo 
satisfactorily  characterized  by  the  curves  for  D/Dq  »  f(A),  obtained  for  the 
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#XIV.4.  Selection  of  the  Coupling  Elements  Between  Dipoles  and 
Collection  Line _ 

The  data  cite:,  demonstrate  the  undesirability  of  using  an  inductive 
ooupling  between  the  dipoles  and  the  collection  line  (BI  antennas)  because 
when  such  coupling  is  used  the  phase  velocity  obtained  is  greater  than  the 
speed  of  light  for  virtually  the  entire  range  of  the  antenna. 

Of  the  two  other  possible  types  of  resistances  for  couplings,  capacitive 
and  resistive,  the  latter,  as  suggested  by  the  author,  is  the  more  preferable, 
and  the  reasoning  is  as  follows. 

(1)  The  directive  gain  of  traveling  wave  antennas  decreases  with  in¬ 
crease  in  the  wavelength,  as  it  does  in  other  types  of  antennas.  It  is 
therefore  of  the  utmost  importance  to  increase  the  directive  gaii.  at  the  long 
wave  edge  of  the  band,  for  it  is  here  that  the  input  resistances  of  the 
dipoles  have  a  capacitive  aspect,  making  it  possible  to  obtain  a  mode  close 

to  the  optimum  (A  =  l80°  to  230°).  However,  when  a  capacitive  element  is  used 
for  the  coupling  (insertion  of  a  small  capacitance  in  series  with  the  dipoles), 
the  equivalent  capacitance  of  the  dipole  is  extremely  low  and  the  phase 
velocity  obtained  is  considerably  higher  than  that  corresponding  to  the 
optimum  mode.  With  pure  resistance  as  the  coupling  the  capacitive  load  on 
the  dipole  provides  a  phase  velocity  close  to  the  optimum  at  the  long  wave 
edge  of  the  band. 

(2)  The  capacitance  of  the  coupling  increases  linearly  as  the  waves 

are  lengthened.  This  results  in  a  drop  in  efficiency  approximately  proportion¬ 
al  to  the  square  of  the  wavelength,  while  the  gain  drops  in  proportion  to 
the  square  of  the  wavelength.  If  the  normal  reduction  in  the  gain,  approxi- 

2  x 

mately  proportional  to  the  ratio  (L/\)  ,  is  taken  into  consideration,  an- 
tennas  with  capacitive  coupling  will  show  a  reduction  in  gain  over  a  con¬ 
siderable  portion  of  the  band  approximately  proportional  to  the  fourth  power 
of  the  wavelength. 

When  pure  resistance  is  used,  the  coupling  does  not  depend  on  the  fre¬ 
quency,  and  the  drop  in  the  gain  with  lengthening  of  the  waves  is  comparative¬ 
ly  slow  (approximately  inversely  proportional  to  A^5  see  below). 

Complex  impedance  will  provide  some  improvement  in  antenna  parameters, 
but  such  improvement  does  not  justify  the  complicated  antenna  design  needed. 

What  has  been  said  demonstrates  the  desirability  of  using  traveling 
wave  antennas  with  pure  resistances  for  coupling  (BS  antennas),  so  our 


1.  The  traveling  wave  antenna  in  free  space  has  a  gain  proportional  to  the 
first  power  of  the  L/A  ratio.  Ground  effect  however,  causes  the  gain  to 
fall  approximately  in  proportion  to  (L/\)^  at  the  necessary  angles  of 
tilt. 
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primary  attention  will  be  given  to  those  antennas.  But  since  there  are  a 
great  many  BYe  antennas  in  use  at  he  present  time,  ve  will  include  materials 
on  antennas  of  this  type  as- well. 

#XIV.5.  The  Calculation  of  Phase  Velocity,  v,  Attenuation  8  and  Characteristic 
Impedance  W  on  ttu  Collection.  Line.  _ _ c 

Analysis  of  the  formulas  for  calculating  the  phase  velocity  v,  and 

attenuation  0  on  the  collection  line  will  make  it  possible  to  select  the 

basic  dimensions  of  the  antenna  and  the  magnitude  of  the  coupling  element. 

As  was  pointed  out,  for  sufficiently  short  diottc  ;s  between  dij  1  es 

their  effect  on  collection  line  parameters  can  be  reduced  to  a  change  in  the 

line’s  distributed  constants. 

The  additional  admittance,  Y  per  unit  length  of  collection  line, 
created  by  the  dipoles,  can  be  established  through  the  fonaula 

Yadd  =  TT  =  ~(z +  2Z  >1  *  (XIV.5.1) 

1  d  co  1 

The  additional  admittance,  Y  ,  will  differ  for  different  dipoles,  but 
this  change  along  the  length  of  the  antenna  is  not  great.  In  formula  (XIV.5.1) 
the  impedance  is  some  "averaged"  impedance.  A  stricter  analysis  will 
show  that  taking  the  change  in  the  admittance  into  consideration  will  not 
result  in  any  appreciable  refinement  in  the  results. 

The  propagation  factor  on  the  collection  line  equals 

Yc  “|Z1(Y1  +  Yadd}’  (XXV.5.2) 

where 

and  Y^  are  the  impedance  and  the  admittance  per  ur.it  length  of  line, 
established  without  taking  the  effect  of  the  dipoles  into  consideration. 
If  losses  in  the  collection  line  conductors  are  ignored, 

Zj  **  i  u  Lx,  Y\  *=*  i  <»  Cj, 

.  where 

and  are  the  inductance  and  capacitance  per  unit  length  of  time. 
Expression  (XIV. 5.2}  can  be  written  in  the  following  form 

\  -yvrv  *  wv 

'  Substituting  Yc  -  ^  8C  and^/z1Y1  *  in  (XIV.5.3),  we  obtain 

iac  +'  h  m  M  1  +  WV  (XIV.5.4) 
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The  additional  admittance  is  nuoh  less  than  the  own  admittance  of  the 
line,  £0 

iac  n  pc  w  ia  (l  *  Yadd/aY1).  (XIV.5.5) 

Taking  it  that 

K,  =  i«Ct=*  i~-, 

where 

VQ  is  the  characteristic  inpedance  of  the  line  without  taking  the 
effect  of  the  dipoles  into  consideration,  and  substituting  this 
expression  in  (XIV. 5.5) ,  we  obtain 


or.. 


a 


=  1 


W  (X  .+2X  ) 

0  d  co 

>2t(x.+2x  )23 
JL  a  co  c  co 


(XIVi5.6) 


W  (R  +2R  ) 

0  d  co 


2t  [ (R  +2R  )2+(X.+2X  )2] 
l  a  co  a  co 


(XIV.5.7) 


In  formulas  (XIV.5.6)  and  (XIV.5.7)  ZJ  *  RJ  ♦  iXjt  L  -  R  ♦  iX  . 

a  a  a  CO  co  co 

The  formula  for  the  characteristic  inpedance  of  the  line,  V,  with  the 
effect  of  the  dipoles  taken  into  consideration,  can  be  obtained  similarly. 
In  fact,  the  characteristic  inpedance,  V,  equals 


I 


From  whence 

U7  =  ^,i  —  IselPA. 

i  I  Tr  I 


(XIV.5.9) 


When  formulas  (XIV.5.6)  and  (XIV.5.7)  are  used  it  must  be  borne  in  mind 
that  the  components  of  the  input  resistance  of  the  dipole,  R^  and  X^,  con¬ 
tained  in  these  formulas  can  be  established  as  being  the  magnitudes  of  the 
dipole's  own  impedance,  as  well  as  the  magnitudes  of  the  induced  resistances 
The  phase  velocity  of  the  distribution  of  the  current  on  the  antenna,  v 
and  the  attenuation  factor,  fjc>  must  be  known  in  order  to  establish  the 
induced  resistances,  so  the  calculation  for  induced  resistances  is  usuall> 
made  using  approximation  methods.  Specifically,  induced  resistances  can  be 

calculated  on  the  assumption  that  v  »  c  and  8  *  0.  It  is  also  possible  to 

r  c 

establish  initially  the  magnitudes  of  v  and  8  without  taking  the  space 
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coupling  of  the  dipoles  into  consideration,  and  then  compute  the  induced 

resistances  in  accordance  with  the  known  values  of  v  and  'Chen  formulas 

(XIV.5.6)  and  (XIV.5.7)  can  he  used  to  obtain  refined  values  for  v  and  8  • 

c 


#XXV.6.  Formulas  for  Traveling  Wave  Antenna  Receiving  Patterns 

The  current  fed  to  the  receiver  input  by  the  traveling  wave  antenna 
equals 


I  ~ 


2/rn 


cos  (i  l  cot  A  .<in  f)  ■ —  cos  a  / 


}'  1  — cos*  1  sin*  * 


X 


X 


e.V(l«o*icos*—  1f);,  _  j 
jdveoiicojf— ie)/,  _  j 


sin  (a  H  sin  A), 


(XIV. 6.1) 


where 

Eq  is  the  antenna  field  strength; 

cp  is  the  azimuth  angle  of  the  beam,  read  from  the  axis  of  the 
collection  line; 

A  is  the  angle  of  tilt  of  the  beam,  read  from  the  plane  of  the 
ground ; 

V  is  the  current  propagation  factor  in  a  balanced  dipole; 

Yc  is  the  current  propagation  factor  in  the  collection  line. 

Formula  (XIV. 6.1)  is  derived  in  Appendix  6. 

The  antenna  pattern  calculation  can  usually  assume  that  0^=0  and 
y  *  iv--  •  So,  substituting  A  =  O  in  (XIV.6.1),  and  dropping  the  factors  not 

C  iv^ 

dependent  on  cp,  we  obtain,  the  following  expression  for  the  pattern  of  a 
traveling  wave  antenna  in  the  horizontal  plane: 


H  r)  = 


cos  (7 1  sin  ?)  —  cos  1 1 
cos  ? 


(XIV. 6,2) 


Formula  (XIV. 6. 2)  not  only  characterizes  the  directional  properties  of  a 
traveling  wave  antenna  in  the  horizontal  plane,  (A  =  0),  but  also  on  surfaces, 
that  make  some  angle  A  =  constant  with  this  plane  for  small  values  of  A. 

Substituting  cp  =  0  in  (XXV.6.1),  and  dropping  the  factors  that  do  not 
depend  on  A,  we  obtain  the  following  expression  for  the  antenna's  pattern  in 
the  vertical  plane: 


f(A)= 


sin  (# Him  A). 


(XIV.6.3) 


Formulas  (XXV.6.1)  and  (XXV.6.3)  assume  ground  of  ideal  conductivity. 
In  the  event  it  is  necessary  to  calculate  the  rerU  parameters  of  the  ground, 
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the  formula  for  tho  antenna*  s  pattern  in  the  vertical  plane  will  take  the 


sin  [jV ( cos 1--MI 

f(A)„ - i— — - - TTr/TTiV  i  2i/?  (cos(>’»  ~2*W  sinA)* 

•  K  11  (XXV.6.4) 

'Vhen  it  is  necessary  to  take  the  effect  of  attenuation  on  the  collection 
line  on  the  directional  properties  of  the  antenna  into  consideration,  we  can 
use  the  followino  formulas  to  calculate  the  patterns 

.  H  /  ch^AN,  — co*  tNlJtMf— * 
cos (»/ sin?)  —  cos »i  H/  .  ‘ _ *Ll_ 

- V  dM,_„  MM 


and  (in  the  case  of  ideally  conducting  ground) 


T]/ 

(A)  *»  !]/ - i - - - -pl-iLsfn(e//«!nA). 

»  chjf/j  —  cos  f«/,  ^co*d— “Jj 


(XIV.fi.6) 


It  should  be  noted  that  taking  the  attenuation  into  consideration  doas 
not  usually  result  in  any  substantial  refinement  when  calculating  the  patterns. 


#XIV.7.  Directive  Gain,  Antenna  Gain,  and  Efficiency 
(a)  Antenna  gain 

The  jjain  of  a  traveling  wave  antenna  can  be  calculated  through  the 


formula 


where 


-77- 


P A  is  the  power  applied  to  the  receiver  input  when  reception  is  by  a 
traveling  wave  antenna  and  the  match  of  the  antenna  to  the  receiver 
input  is  optimum; 

PX/2  the  P°wer  applied  to  the  receiver  input  when  reception  is  by  a 
half-wave  dipole  in  free  space  when  the  match  of  the  dipolo  to  the 
receiver  input  is  optimum. 

These  powers  can  be  established  through  the  formulas 


PA  «  /‘IF. 


i.  4«*7D,I  * 
2 


(XIV.7.1) 

(XIV.7.2) 


with  I  established  through  formula  (XIV. 6.1)  for  *p  *  0. 

Substituting  the  expression  indicated  for  the  current  in  the  general 
formula  for  c,  we  obtain  the  following  expression  for  the  gain  of  a 


traveling  wave  antenna 


*  "  292.4 


IV  lg» 


a  / 


_£|= 

2 


cA'(licoil— 7 c)(, _  | 


e(l>cou-lf)/,_  j 


sin’(*//  sin  A). 


(XIV. 7. 3) 


FoJjnula  (V.18.I)  can  be  used  to  calculate  Z^  when  establishing  e«  The 
induced  emf  method  can  be  used  to  calculate  the  radiation  resistance.  And 
the  phase  angle  between  currents  flowing  in  the  dipoles,  can  be  established 
through  the  formula 


where 


(XIV. 7.4) 


is  the  distance  between  the  dipoies,  the  mutual  effect  of  which  is 
being  calculated.  The  minus  sign  in  formula  (XIV.7.4)  is  taken  when  the 
dipole,  the  effect  of  which  is  being  taken  into  consideration,  is  closer  to 
rhe  terminating  resistor  than  is  the  dipole  the  radiation  resistance  of 
which  is  being  calculated.  The  plus  sign  is  taken  if  the  dipole,  the  effect 
of  which  is  being  considered,  is  closer  to  the  receiver. 

In  practice,  it  is  sufficient  to  consider  the  effect  of  dipoles  at 
distan  ,-es  of  up  to  0.75  -  1.0X  when  calculating  radiation  resistance. 

The  figures  obtained  for  the  radiation  resistance  of 'all  dipoles  are 
averaged  by  dividing  the  sum  of  the  radiation  resistances  of  all  dipoles  by 
their  number. 

(b)  Efficiency 

As  has  already  been  pointed  out  above,  one  understands  the  efficiency  of 
a  receiving  antenna  to  be  the  efficiency  of  this  seme  antenna  when  it  i^s 
used  for  transmission. 

Antenna  efficiency  during  transmission  equals 


T)  =  W  (XIV.7.5) 

where  ^ 

T]j  is  the  dipole  efficiency,  equal  to 

\  =  YRd  +  ^co  •  (XIV.7.6) 

1 

\  *  po  "  Vpo  *  (xiv. 7. 7) 

Here  PQ  is  the  total  input,  and 

Pn  *3  P°wer  expended  in  the  termination  resistor, 


RA-OQ8-68 


Accordingly, 


,  -20  L 

T)-**  1  -  «  ^c  . 


(xiv.7.9) 


Substituting  the  expressions  for  7|j  and  7)2  *n  (XIV. 7. 5),  w«  obtain 


(1  -  e^cL). 


(XIV.7.10) 


R .  +  2R 
d  co 


In  the  case  of  the  traveling  wave  antenna  with  pure  reactance  for  the 
coupling  (the  BYe  and  BI  antennas)  formula  (XI/. 7 .10)  becomes 

7)  -  1  -  e“20cL  .  '  (XIV.7.U) 


(c)  Directive  gain 

The  directive  gain  of  an  antenna  can  be  calculated  through  the 


formula 


D  =  1.64c/7] 


or  through  Ihe  formula 


4«/»  (V?.) 


2x  2 

j  df  j  .F*(A,  t) 


(XIV.7.12) 


(XIV.7.13) 


cos  Adi 


where 


F(A,cp)  is  an  expression  characterizing  the  space  radiation  pattern; 

A  and  cp^  are  angles  which  determine  the  direction  for  which  the 
directive  gain  will  be  calculated. 

The  calculation  of  the  integral  in  the  denominator  of  the  expression  at 

t 

(XIV. 7. 13)  is  very  difficult,  and  is  usually  done  by  graphical  integration. 

Of  greater  expediency  is  the  calculation  of  the  directive  gain  through  for¬ 
mula  (XIV.7.12).  It  is  also  possible  to  establish  the  value  of  D  by  com¬ 
paring  the  receiving  pattern  of  the  traveling  wave  antenna  with  the  patterns 
of  other  antennas,  the  directive  gains  of  which  are  well  known,  antennas 
such  as  broadside  antennas,  for  example.  Antennas  with  approximately  the 
same  patterns  also  have  approximately  identical  directive  gains. 

#XIV.8.  Multiple  Traveling  Wave  Antennas 

Multiple  traveling  wave  antennas  are  widely  used  to  increase  antenna 
gain  and  directive  gain.  Those  most  often  used  are  dual  antennas  consisting 
of  two  parallel  connected  arrays  (BS2  and  BYe2  antennas).  The  schematic  of 
a  twin  traveling  wave  antenna  is  shown  in  Figure  XIV. 1.2. 

The  gain  of  a  twin  antenna  is  approximately  double  that  of  a  single  an¬ 
tenna.  The  increase  in  the  gain  of  a  multiple  antenna  on  the  shortwave  edge 


RA-008-68 


4l4 


of  the  band  can  be  explained  by  the  improvement  in  directional  properties. 

At  the  longwave  edge  of  the  band  the  increase  in  gain  is,  to  a  considerable 
extent,  determined  by  the  increase  in  efficiency. 

The  receiving  pattern  of  a  twin  antenna  can  be  charted  through  the  formula 


Fj(A,  9)  =  (A,  9)  cos  cos L sin ? j  ,  (XIV. 8.1) 

where 

d1  is  the  distance  between  the  array  collection  lines  (in  standard 
antennas  d^  =  25  m); 

Vj(A,<p)  is  the  pattern  of  a  single  antenna. 

The  pattern  in  the  horizontal  plane  can  be  expressed  through  the 
formula 


Pt  (?)  =  F\  (?)  cos  sin  9  ^  , 


( XIV. 8. 2) 


with  (cp)  established  through  formula  (XIV. 6. 2). 

The  pattern  in  the  vertical  plane  of  a  twin  traveling  wave  antenna  re¬ 
mains  the  same  as  it  would  be  in  the  case  of  the  single  antenna. 

The  efficiency  of  a  twin  antenna  can  be  established  approximately 
through  the  formula 


where 


(XIV.8.3) 


fPs  is  the  width  of  the  pattern  in  the  horizontal  plane  at  half  power 
for  the  single  antenna;  * 

9t  is  the  corresponding  width  of  the  pattern  of  a  twin  antenna. 

The  gain  of  a  twin  antenna,  et,  can  be  established  through  the  formula 


e1  «  2es>  (XIV.8.4) 

where 

6  is  the  gain  of  a  single  antenna, 
s 

The  efficiency  of  a  twin  aritenna  can  be  established  through  the  formula 
T)  =  1.64e/D.' 


#XIV.9.  Electrical  Parameters  of  a  Traveling  Wave  Antenna  with 
Resistive  Coupling  Elements _ 

(a)  Selection  of  the  dimensions  and  other  data  for  the 
antenna _ 

As  has  already  been  noted  above,  the  traveling  wave  antenna  with 

/ 

resistive  coupling  elements  (the  BS  antenna)  is  the  most  acceptable.  This 


paragraph  will  cite  data  characteristic  of  the  electrical  parameters  of  this 
antenna. 

The  following  antenna  dataware  subject  to  selection: 

L  antenna  length) 

distance  between  dipoles; 

l  length  of  the  am  of  the  balanced  dipole; 

Rco  magnitude  of  the  coupling  resistance  inserted  in  one  arm  of  the 
dipole;  *  ' 

H  height  at  which  antenna  is  suspended; 

W  characteristic  impedance  of  the  collection  line* 

Antenna  length,  L,  can  be  selected  on  the  basis  of  the  following  con¬ 
siderations.  As  has  already  been  pointed  out,  the  traveling  wave  antenna  has 
the  best  direction  properties  if 

A=aL[~k~  J)  —  +  *•  (XIV.9.1) 

For  fixed  phase  velocity,  the  magnitude  of  A  is  proportional  to  antenna 
length.  When  the  antenna  is  very  long  the  magnitude  of  A  can  become  much 
larger  than  180°,  and  this  results  in  a  sharp  deterioration  in  directional 
properties.  Calculations  reveal  that  if  the  BS  antenna  is  to  operate  over 
the  entire  shortwave  band,  antenna  length  must  not  exceed  80  to  150  meters. 

The  length  of  a  standard  BS  antenna  is  90  meters. 

The  length  of  a  dipole  arm  _an  be  selected  as  the  maximum  possible  in  order 
to  have  a  maximum  increase  in  the  antenna  gait*  at  the  longwave  edge  of  the  band* 
However,  the  possibility  of  increasing  dipole  length  is  restricted  by  the 
need  to  retain  satisfactory  dipole  directional  properties  at  the  shortwave 
edge  of  the  band.  If  least  wavelength  is  12  to  13  meters,  the  length  of  the 
dipole  am  car.  be  taken  on  the  order  of  8  meters.  At  the  same  time,  even 
though  the  dipole  pattern  at  the  shortwave  edge  of  the  band  has  rather  large 
side  lobes,  the  antenna  pattern  as  a  whole  is  satisfactory.  Antenna  data 
will  have  to  be  changed  if  it  is  necessary  to  expand  the  operating  band,  -?d 
if  the  shortest  wave  is  taken  as  equal  to  10  meters.  Antenna  data  should 
approximate  the  following:  length  of  dipole  arm  6  to  7.  meters;  distance  bet¬ 
ween  dipoles  3.6  to  2.25  meters;  and  2R  =*  500  to  800  ohms.  And  the  antenna 

co 

gain  at  the  longwave  edge  of  the  band  will  be  reduced  by  a  factor  of  fro* 

1.8  to  1.3  as  compared  with  the  case  when  the  am  length  is  8  meters.  Ve 
have'  taken  length  l  =  8  meters  in  calculating  antenna  parameters. 

The  characteristic  impedance  of  the  collection  line  determines  the 
efficiency  of  the  dipoles.  The  higher  the  characteristic  impedance,  the 
higher  the  decoupling  resistance  required  to  ensure  normal  phase  velocity. 

An  increase  in  R  is  accompanied  by  a  reduction  in  1}  and  a  corresponding 
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reduction  in  the  antenna  gain.  Accordingly,  antenna  gain  will  increase 

with  reduction  in  W,  so  W  is  selected  as  low  as  possible  without  unnecessarily  { 

complicating  the  design  of  the  collection  line.  We  have  selected  W  =  160  ohms. 

When  the  characteristic  impedance  of  the  collection  line  is  taken  at  this 
value  we  can  reduce  the  decoupling  resistance,  2RC0*  to  400  ohms.  This  is 
the  magnitude  of  the  coupling  resistance,  and  was  t..  on  for  the  standard 
antenna. 

The  characteristic  impedance  wc  have  selected  is  readily  obtainable 
in  making  a  collection  line  in  the  form  of  a  4-conductor  crossed  feeder  (see 
below) . 

The  following  considerations  govern  in  the  selection  of  the  number  of 
dipoles  for  the  antenna.  An  increase  in  the  number  of  dipoles  is  accompanied 
by  a  reduction  in  the  side,  and  particularly  in  the  minor  lobes,  and  an  in¬ 
crease  in  antenna  gain.  What  must  be  borne  in  mind,  however,  is  the  fact 
that  the  greater  the  number^of  dipoles,  the  more  the  phase  velocity  of  pro¬ 
pagation  on  the  collection  line  will  differ  from  the  speed  of  light.  The 
number  of  dipoles  can  be  selected  in  such  a  way  that  the  difference  between 
the  phase  velocity  of  propagation  on  the  collection  line  (v)  and  the  speed 
of  light  (c)  will  not  ixceed  acceptable  limits. 

With  what  has  been  pointed  out  hero  taken  into  consideration,  we  can 
select  the  number  of  dipoles  as  between  20  and  40.  The  parameters  of  an  an- 

1  i 

tenna  with  21  dipoles  are  given  xn  what  follows. 

The  height  at  which  the  antenna  is  suspended,  H,  is  established  for  the 
condition  of  maximum  reception  strength  for  given  This  yields 

Hopt  =  */4sin  A-  (XIV.9.2) 

If  it  is  taken  that  the  angles  of  tilt  of  incoming  beams  are  from  7  to 
15°,  the  most  desirable  height  is  found  to  be  equal  to  \  to  2\.  Hence,  the 
antenna  has  maximum  efficiency  at  the  longwave  edge  of  the  band  when  suspension 
height  is  40  to  100  meters,  and  maximum  efficiency  at  the  shortest  wavelength 
at  a  height  of  ..5  to  25  m.  Since  increasing  the  height  at  which  an  antenna 
is  suspended  is  accompanied  by  a  sharp  increase  in  the  cost  of  the  antenna, 
it  becomes  obvious  that  we  can  restrict  the  hoight  to  something  on  the  order 
of  25  to  35  meters.  BS  antennas  in  use  at  the  present  time  are  suspended 
at  25  and  17  meters.  Accordingly,  the  BS  antenna  has  the  following  data: 


1.  Recent  investigations  have  shown  that  if  the  number  of  dipoles  is  doubled 
and  if,  as  a  result,  2RC0  is  increased  to  800  ohms,  the  change  in  antenna 
parameters  will  not  be  substantial.  The  level  of  the  side  lobes  will 
fall  quite  a  bit,  however.  Data  on  this  antenna  variant  are  not  included 
here. 


aaimjat 


L  =  90  meters,  N  =  21, 

2R^  a  400  ohms,  1^  =  4.5  meters, 

1=8  meters,  H  *  25  meters  or  17  meters. 

The  conventional  designation  for  the  standard  BS  antenna  is 


BS  21/8  200/4.5  25 
or 

BS  21/8  200/4.5  17. 

(b)  Phase  velocity  and  attenuation  factor 
Approximate  formulas  for  establishing  the  phase  velocity  and 
attenuation  factor  in  the  case  of  the  traveling  wave  antenna  with  resistive 
coupling  elements  are  in  the  form 


-  «  —•  =  1 
V  kl 


2<yt1[(R.  +  2R  )2+  X*h 
1  a  cc  a 


(XIV. 9.3) 


1/  (R  +2R  ) 

_ 0  d  co _ 

C  21  [(R  *  2R  )^+  xj] 
Id  co  d 


(XIV. 9*4) 


.  Figures  XIV. 9.1  and  XIV. 9. 2  show  the  dependence  of  v/c  »  and  Pc  on 
the  wavelength  for  the  BS  21/8  200/4.5  17  and  BS  21/8  200/4.5  25  antennas. 
The  curves  were  plotted  with  induced  resistanced  considered.1 
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Figure  XIV. 9.1.  Dependence  of  magnitude  of  phase  velocity  on 

the  collection  feeder  of  BS  21/8  200/4.5  17  and  BS  21/8 
200/4.5  25  antennas  on  the  wavelength. 


1.  When  the  induced  resistances  were  calculated  it  was  assumed  that  phase 
distribution  corresponded  to  the  velocity  of  propagation  obtained  without 
the  mutual  effect  of  the  dipoles  considered. 


Figure  XIV. 9. 2.  Dependence  of  linear  attenuation  on  the  collection 
line  of  BS  2l/8  200/4.5  17  and  BS  2l/8  200/4.5  25 
antennas  on  the  wavelength. 

As  will  be  seen  from  Figure  XIV.9.1,  the  phase  velocity  of  propagation 
on  the  BS  antenna  is  less  than  the  speed  of  light  over  a  large  part  of  the 
band.  The  phase  velocity  is  somewhat  greater  than  the  speed  of  light  over 
part  of  the  band  (l6  to  31*5  meters).  However,  there  is  no  real  significance 
to  some  reduction  ir.  the  antenna's  directive  gain  in  the  shortwave  section 
of  the  band  because  in  this  section  of  the  band  the  antenna  parameters  have 
been  improved  by  the  increase  in  D  proportional  to  the  l/\  ratio. 

In  the  longwave  section  of  the  band,  where  maximum  increase  in  the 
directive  gain  and  in  antenna  gain  are  particularly  important,  the  phase 
velocity  on  the  antenna  is  close  to  optimum. 

(c)  Directional  properties 

Figures  XIV. 9. 3  through  XIV. 9. 10  show  charted  receiving  patterns 
in  the  horizontal  plane  of  standard  BS  and  BS2  antennas  over  the  entire 
shortwave  band.  Figures  XIV. 9. 11  -  XIV.9.18  show  the  patterns  in  the  vertical 
planes  of  BS  21/8  200/4.5  17  and  BS  21/8  200/4.5  25  antennas. 


Figure  X2V.9.3.  Receiving  patterns  in  the  horizontal  plane  for  BS  and 
BS2  antennas;  \  «*  12.5  aw 
BS; - BS2. 
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Figure  XIV. 9. 5.  Receiving  patterns  in  the  horizontal  plane  for 
and  BS2  antennas;  X  «  24  m. 


Figure  XIV. 9. 6.  Receiving  patterns  in  the  horizontal  plane  for  BS 
and  BS2  antennas;  \  **  32  m. 
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Figure  XIV. 9. 10.  Receiving  patterns  in  the  horizontal  plane  for 
BS  and  BS2  antennas:  X  «  100  m. 
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Figure  XIV. 9. 11.  Receiving  patterns  in  the  vertical  plane  of  BS 
21/8  200/4.5  17  and  BS  21/8  200/4.5  25  antennas; 

X  =  12.5  a. 

- BS  21/8  200/4.5  17? - BS  21/8  200/4.5*25 
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Figure  XIV.9,12.  Receiving  patterns  in  the  vertical  plane  of  BS 
21/8  200/4.5  17  and  BS  21/8  200/4.5  25  antennas) 
X  ■  16  a. 
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Figure  XIV. 9.13*  Receiving  patterns  in  the  vertical  plane  of  BS 
21/8  200/4.5  17  and  BS  21/8  200/4.5  25  antennas 
X  =  24  m. 


~ccff/'7 


BBSS 


|l  Ml 

Hlli 

mn 


■ass; 


0  10  20  30  00  SO  SO  70  00  00  WO  HO  120  130  no  ISO  iso  no  ef 

Figure  XIV.9.14.  Receiving  patterns  in  the  vertical  plane  of  BS 
21/8  200/4.5  x7  and  BS  21/8  200/4.5  25  antennas 
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Figure  XXV.9.15.  Receiving  patterns  in  the  vertical  plane  of  BS 
21/8  200/4.5  17  and  BS  21/8  200/4.5  25  antennas; 
X  »  38.5  m. 
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Figure  XIV. 9.16.  Receiving  patterns  in  the  vertical  plane  of  BS 
21/8  200/4.5  17  and  BS  2i/8  200/4.5  25  antennae; 
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Figure  XIV, 9. 17.  Receiving  patterns  in  the  vertical  plane  of  BS 
21/8  200/4.5  17  and  BS  21/8  200/4.5  25  antennas; 
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Figure  XIV.9.18.’  Receiving  patterns  in  the  vertical  plane  of  BS 
2l/8  200/4.5  17  and  BS  21/8  200/4.5  25  antenna*; 
X  *  100  n. 
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In  order  to  evaluate  the  effect  of  ground  parameters  on  the  directional 
properties  of  the  antenna,  Figure  XIV. 9. 19  shows  the  major  lobes  in  the  patterns 
of  the  BS  21/8  200/4.5  25  antenna  for  three  wavelengths  and  three  types  of 
ground  (ideal,  average,  and  low  conductivity).- 

All  patterns  were  charted  with  attenuation  considered. 


Figure  XIV. 9. 19.  Receiving  patterns  in  the  vertical  plane  of  a 
BS  21/8  200/4.5  25  antenna. 

. . * .  ground  of  ideal  conductivity; 

- — ground  of  average  conductivity  (er=8;  yv«0.005  mho/n); 
ground  of  low  conductivity  ( e r=3 ;  y ^0.000 5  mho/m). 


It-  should  be  noted  that  the  series  of  patterns  charted  here  will  not 
provide  completely  accurate  data  on  directional  properties  because  the  metho¬ 
dology  used  to  do  the  charting  contained  a  number  of  approximations  (reflection 
from  individual  dipoles  was  not  considered,  0^  and  v  were  approximated,  and 
others).  Nevertheless,  experimental  investigations  have  demonstrated  that 
these  patterns  correctly  characterize  the  directional  properties  of  antennas 
on  waves  longer  than  13  to  14  meters. 

The  data  presented  in  figures  XIV. 9. 3  through  XIV. 9. 10  demonstrate  that 
the  level  of  the  side  lobes  associated  with  the  BS2  antenna  are,  in  the  majority 
of  cases,  considerably  lower  than  0.08  to  0.1,  so  the  noise  stability  of  the  , 
BS  antenna  is  comparatively  high.  A  comparison  of  patterns  in  the  vertical 
plane  of  BS  antennas  suspended  at  heights  of  17  and  25  meters  reveals  that  at 
H  •  25  meters  the  patterns  in  the  vertical  plane  are  improved  substantially.  / 
Specifically,  reception  at  angles  of  7°  to  15°,  the  angles  at  which  beams* on 
long  communication  lines  usually  arrive,  is  more  effective. 

As  will  be  seen  from  the  patterns,  even  at  suspension  height  25  meters 
the  angle  of  maximum  reception  in  the  vertical  plane  at  the  longwave  edge 

_band  is  too  high.  Substantial  "compression"  of  the  major  lobe  in  the 


receiving  pattern  can  be  obtained  either  by  raising  the  antenna  suspension 
height,  or  by  using  more  complex  antennas,  such  as  the  }bS2  21/8  200/4. 5  25 
or  3BS2  42/8  400/2.25  25. 

Figure  XIV. 9.20  shows  the  dependence  of  the  angle  of  tilt  of  direction 
of  maximum  reception  for  type  BS  21/8  200/4.5  17  and  BS  2l/8  200/4.5  25 
antennas  on  the  wavelength. 

Figures  XIV. 9. 21  and  XIV. 9.22  show  the  curves  that  establish  the  dependence 
of  the  directive  gain  of  the  BS  21/8  200/4.5  17  and  BS  21/8  200/4.5  25 

4 

antennas  on  wavelength  and  angle  of  tilt  of  incoming  beam.  The  dotted  lines 
in  these  figures  show  the  values  of  the  maximum  directive  gain. 
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Figure  XIV.9.20.  Dependence  of  angle  of  tilt  of  direction  of  maximum 

reception  of  BS2  21/8  200/4.5  17  and  BS2  21/8  200/4.5 
25  antennas  on  wavelength.  ' 


Figure  XIV. 9.21.  Dependence  of  the  directive  gain  of  a  BS  21/8  200/4.5 
17  antenna  on  the  wavelength  and  the  angle  of  tilt  of 
the  incoming  beam. 

— curve  of  maximum  directive  gain. 


Figure  XIV. 9. 22.  Dependence  of  the  directive  gain  of  a  BS  21/8  200/4.5 
25  antenna  on  the  wavelength  and  the  angle  of  tilt  of 
the  incoming  beam. 

-  curve  of  maximum  directive  gain.. 

Figures  XIV.9.23  and  XIV. 9. 24  show  similar  curves  for  the  gains  of 
BS  21/8  200/4.5  17  and  BS  21/8  200/4.5  25  antennas. 

Figure  XIV. 9. 25  shows  the  dependence  of  the  efficiency  of  the  BS  21/8 
200/4.5  25  antenna,  as  well  as  the  twin  antenna,  on  the  wavelength.  The 
efficiency  of  the  BS  21/8  200/4.5  17  antenna  in  the  shortwave  portion  of  the 
band  is  approximately  the  same  as  that  of  the  antenna  suspended  at  25  meters. 

In  the  longwave  portion  of  the  band  the  efficiency  of  the  BS  21/8  200/4.5  17 
antenna  is  somewhat  less  than  that  of  the  BS  21/8  200/4.5  25  antenna,  explained 
by  the  fact  that  at  the  longwave  edge  of  the  band  the  radiation  resistance  of 
a  dipole  suspended  at  17  meters  is  markedly  reduced  as  a  result  of  ground 
effect. 

Figures  XIV. 9. 3  through  XIV. 9. 10  use  dotted  lines  to  show  the  patterns 
in  the  horizontal  plane  of  a  BS2  21/8  200/4.5  twin  traveling  wave  antenna 
with  arrays  spaced  25  meters  apart. 

Figures  XIV.9.26  and  XIV. 9. 27  show  the  curves  which  establish  the  de¬ 
pendence  of  the  directive  gain  of  the  PS2  2l/8  200/4.5  17  and  BS2  2l/8  200/4.5 
25  antennas  on  the  wavelength  and  angle  of  tilt  of  the  incoming  beam.  The 
dotted  curves  in  these  figures  show  the  values  of  the  maximum  directive  gains* 

A  comparison  of  the  data  contained  in  figures  XIV. 9*21,  XIV. 9. 22, 

XIV.9.26  and  XIV. 9. 27  will  show  that  the  gain  in  the  directive  gain  of  the 
twin  antenna  will  change  from  2  at  the  shortwave  edge  of  the  band  to  1.2  to 
1*5  at  the  longwave  edge,  as  compared  with  the  single  antenna. 

The  antenna  gain  of  the  twin  antenna  is  twice  that  of  the  corresponding 
single  antenna. 
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Figure. XIV. 9. 23.  Dependence  of  the  gain  of  BS  21/8  200/4.5  17-  and 
BS2  21/8  200/4.5  17  antennas  on  the  wavelength 
and  the  angle  of  tilt  of  the  incoming  beam. 

-  curve  of  maximum  gain. 


Figure  XIV. 9. 24.  Dependence  of  the  gain  of  BS  2l/8  200/4.5  25  i*nd 

BS2  21/8  200/4.5  25  antennas  on  the  wavelength  and 
the  angle  of  tilt  of  the  incoming  beam. 

-  curve  of  maximum  gain. 
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Figure  XIV. 9. 25.  Dependence  ol  the  efficiency  of  the  BS  21/8  200/4.5  25 
antenna  (solid  line)  and  the  BS2  21/8  200/4.5  25 
antenna  (dotted  line)  on  the  wavelength. 
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Figure  XIV. 9. 26.  Dependence  of  the  directive  gain  of  the  BS2  2l/8 

200/4.5  17  antenna  on  the  wavelength  and  the  angle 
of  tilt  of  the  incoming  beam. 


curve  of  maximum  directive  gain. 
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Figure  XIV. 9. 27.  Dependence  of  the  directive  gain  for  a  BS2  21/8 
200/4.5  25  antenna  on  the  wavelength  and  the 
angle  of  tilt  of  an  incoming  beam. 

— —  -  curve  of  maximum  directive  gain. 


#XIV.10.  Traveling  Wave  Antennas  with  Controlled  Receiving  Patterns 

As  has  already  been  pointed  out  above,  a  substantial  increase  in  traveling  '• 
wave  antenna  effectiveness  can  be  arrived  at  by  using  multiple  systems  com¬ 
prising  two,  three,  and  more  BS2  antennas.  The  use  of  these  antennas  is 
desirable  to  improve  noise  resistance  during  reception  on  long  comnunication 
lines. 

Figure  XIV. 1.3  is  a  schematic  of  a  multiple  traveling  wave  antenna,  the 

3BS2,  comprising  three  BS2  antennas  installed  in  tandem  and  interconnected 

¥ 

by  a  linear  phase  shifter.  The  lengths  of  the  distribution  lines  can  be 

/ 

selected  such  that  the  emfs  induced  in  the  receiver  by  the  antennas  are 
approximately  in  phase. 

The  phase  shifters  can  control  the  patterns  in  the  vertical  planes  of 
these  antennas  and  thus  ensure  maximum  use  of  antenna  efficiency. 

#xiv.n.  Directional  Properties  of  the  3BS2  Antenna 

The  multiple  traveling  wave  antenna  made  up  vf  three  BS2  21/8  200/4.5  25 
or  BS2  2l/8  200/4.5  17  antennas  is  designated  3BS2  21/8  200/4.5  25  or 
3BS2  21/8  200/4.5  17. 

The  receiving  patterns  of  a  multiple  traveling  wave  antenna  made  up 
of  N  BS  antennas  can  be  charted  thr  •  ->gh  the  formula 


Fs  (A>  r)  =  /  v  (A,  <?) F, (A,  <?), 


(X1V.11.1) 


where 


F^ (a  »cp)  is  the  pattern  of  the  corresponding  BS2  antenna} 


***C,7i-f*»  ' 
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f^(A,cp)  is  a  factor  which  takes  into  consideration  the  fact  that  there 
are  N  BS  antennas  in  the  system. 

This  factor  can  be  established  through  the  formula 


MX  ?)  = 


(  /V  ' 

sin  j—  [2  <4(1  —  c-  ;  A  cos  ,•) •-(} 

sin  <4  (!  —  cos  1  cos  v)  ~  j 


(XIV. 11 .2) 


d^  is  the  distance  between  the  centers  of  adjacent  BS  antennas  contained 
in  the  system  (fig.  XIV. 1.3); 

^  is  the  phase  angle  between  the  emfs  across  adjacent  antennas,  created 
by  the  phase  shifter. 

In  the  case  of  the  linear  phase  shifter  ^  =  al2,  where  l2  ia  a  segment  of 
line  creating  the  necessary  phase  angle  \).  With  this  taken  into  consideration, 
we  obtain 


MX  ?)  = 


sin  |  — -  [<4  (1  —  cos  A  cos  <?)  —  J,1  j 
sin  j-X  (tf,  (1  —  cos  A  cos  -,)  —  /,|  j 


(XIV. 11. 3) 


t. 


i 


-  .3 


In  the  vein.ical  plane  (<p  =  0^  the  factor  fN(A,<j>)  becomes 


/.v(A)  = 


sin  |<4  (l  —  cos  A)  —  /,}  J 


a  ill  (XIV.11.4) 

S'n|~K(l  —  cos  A)  —  /,lj 

As  will  be  seen  from  formula  (XIV.11.4),  the  minimum  angle  of  tilt,  A', 

hich  f.,(A)  can  have  maximum  value  depends  on  l_  and  not  on  the  wavelengtl 
N  A 

Actually,  %• 


at  which  f.,(A)  can  have  maximum  value  depends  on  l_  and  not  on  the  wavelength. 
N  A 


con  A'  =  1  -  Ai.  . 


(XIV.ll.5) 


By  changing  the  length  we  can  control  the  values  Cf  this  angle  over 
the  entire  waveband. 

What  follows  from  (XIV.11.3)  and  (XIV.11.4)  is  that  when  positive  phasing 
(^r  >  0  and  l >  0)  is  used  angle  A1,  which  corresponds  to  the  direction  of 
maximum  radiation  from  a  multiple  antenna,  to  a  maximum  for  the  factor  f^(A), 
is  increased  by  compa.  ’son  with  the  case  of  ^  =  0.  Correspondingly,  when 
negative  phasing  (ijr  <  0  and  <  0)  is  used,  angle  A*  is  decreased. 

The  values  for  lengths  of  segments  needed  to  obtain  the  first  maximum 
in  the  expression  at  (XIV.11.4)  for  various  angles  to  the  horizon  are  given 
below.  They  were  computed  thiough  formula  (XIV. 11. 5) 
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Figures  XIV. 11.1  through  XIV. 11.14  show  the  major  lobes  in  the  patterns 
of  3BS2  21/8  200/4.5  17  and  3BS2  21/8  200/4.5  25  antennas  in  the  vertical 
plane  for  phasings  corresponding  to  the  following  value*  of  f 

tji  -{*  10°,  i<  =  0°,  *■!>«=  —  -0°  H  20°. 

The  data  contained  in  figures  XIV. 11.1  -  XIV.ll.l4  demonstrate  that  uss 
of  the  phase  shifter  makes  it  possible  to,  change  the  angle  of  maximum  reception 
in  the  vertical  plane,  within  certain  limits.  In  particular,  the  pattern  can 
be  "squeezed11  substantially  toward  the  horizontal.  If  further  "squeezing"  of 
the  patterns  to  the  ground  is  desired  in  order  to  obtain  a  corresponding  in** 
crease  in  antenna  efficiency  on  the  longer  waves  in  the  band,  we  must  eithor 
increase  the  height  at  which  the  antennas  are  suspended  to  35  to  40  meters, 
or  increase  the  number  of  antennas  installed  in  tandem  (6BS2  antennas,  for 
example) . 

Figures  XIV.ll.l5  through  XIV.11.21  show  the  patterns  for  3BS2  2l/8 
200/4-5  17  and  33S2  21/8  200/4-5  25  antennas  in  the  horizontal  plane  in  the 
waveband  for  jr  «■  0°. 


Figure  XIV. 11.1.  The  first  lobes  in  the  reception  patterns  in 

'  the  vertical  plane  of  a  3BS2  21/8  200/4.5  25  antenn# 
on  a  wavelength  of  \  *  12.5  m  for  different  angles 
of,  phasing. 
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Figure  XIV.11.2.  The  first  lobes  in  the  reception  patterns  in  the 
vertical  plane  of  a  3BS2  21/8  200/4.5  25  antenna 
on  a  wavelength  of  \  =  16  m  for  different  angles 
of  phasing. 
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Figure  XIV. 11. 3.  The  first  lobes  in  the  reception  patterns  in  the 
vertical  plane  of  a  3SS2  21/8  200/4.5  25  antenna 
on  a  wavelenc-h  of  \  =  24  m  for  different  angles 
of  phasing. 


Figure  XXV.11.4.  The  first  lobes  in  the  reception  pattern*  in  the 
vertical  plane  of  a  3BS2  21/8  200/4.5  25  antenna 
on  a  wavelength  of  1  *  32  m  for  different  angle* 
of  phasing. 
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Figure  XIV.il. 5.  Tho  first  lobes  in  tho  rocoption  pattern*  in  the 
vortical  piano  of  a  3DS2  21/8  200/4.5  25  antenna 
on  a  wavelength  of  X  “  46  pa  for  different  angles 
of  phasing. 


e  n  ft  20  z>  zt  j :  4' 


Figure  XIV, 11. 5.  The  first  lobes  in  the  reception  pattern*  in  the’ 
vertical  plane  of  a  3BS2  21/8  200/4.5  25  antenna 
on  a  wavelength  of  1  =  64  a  for  different  angles 
of  phasing. 
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Figure  XIV. 11. V.  The  first  lobes  in  the  reception  patterns  in  the 
vertical  plane  of  a  3BS2  2l/8  200/4.5  25  antenna 
on  a  wavelength  of  X  *  100  m  for  different  angles 
of  phasing. 


Figure  XIV.il. 8. 


The  first  lobes  in  the  reception  patterns  in  the 
vertical  piano  of  a  3BS2  21/8  200/4-5  17  antenna 
on  a  wavelength  of  \  =  12.5  m  for  different  angles 
of  phasing. 
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Figure  XIV. 11 .9.  The  first  lobes  in  the  reception  patterns  in  the 
vertical  plane  of  a  3BS2  21/8  200/4.5  17  antenna 
on  a  wavelength  of  \  =  16  m  for  different  angles 
of  phasing. 
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Figure  XIV. 11. 10.  The  first  lobes  in  the  reception  patterns  in  the 
vertical  plane  of  a  3BS2  21/8  200/4.5  17  antenna 
•  on  a  wavelength  of  \  =  24  m  for  different  angles 

of  phasing. 
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Figure  XIV, XI. 11.  The  first  lobes  in  the  reception  patterns  in  the 
vertical  plane  of  a  3BS2  21/8  200/4.5  17  antenna 
on  a  wavelength  of  X  *  32  a  for  different  angles 
of  phasing. 


Figure  XIV. 11. 12.  The  first  lobes  in  the  reception  patterns  in  ttye 
vertical  plane  of  a  3BS2  2l/8  200/4.5  17  antenna 
on  a  wavelength  of  X  =  48  n  for  different  angles 
of  phasing. 


Figure  XIV. 11. 13.  Ine  first  lobes  in  the  reception  patterns  in  the 
vertical  plane  of  a  3BS2  21/8  200/4.5  17  antenna 
on  a  wavelength  of  X  =  64  ■  for  different  angles 
,  of  phasing. 
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Figure  XIV. 11. 17.  Reception  pattern  in  the  horizontal  plan*  of  a 
3BS2  antenna  for  an  angle  of  phasing  j  •  0®  on 
a  wavelength  of  X  °  24  m.  > 
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Figure  XIV.ll.l8.  Reception  pattern  in  the  horizontal  plane  of  a 
3BS2  antenna  for  an  angle  of  phasing  f  »  0*  on 
a  wavelength  of  X  “  32  «. 
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Figure  XIV. 11. 19.  Reception  pattern  in  the  horizontal  plana  of  a 
3BS2  antenna  for  an  angle  of  phasing  f  »  0*  on 
a  wavelength  of  X  *  48  m. 
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Figure  XIV. XI. 20.  Reception  pattern  in  the  horizontal  plane  of  a 
3BS2  antenna  for  an  angle  of  phasing  ^  =  0°  on 
a  wavelength  of  X  =  64  m. 
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Figure  XIV. 11. 21.  Reception  pattern  in  the  horizontal  plane  of  a 
3BSP  antenna  for  an  angle  of  phasing  f  *  0C  on 
a  wavelength  of  X  c  100  m. 


#XIV.12.  Directive  Gain,  Efficiency,  and  Antenna  Gain  of  the 
,  3BS2  Antenna _ 


(a)  Directive  gain 


The  directive  gain  of  a  multiple  traveling  wave  antenna  can  be 
established  by  the  method  that  compares  patterns.  Basic  to  this  method  is 
the  fact  that  when  there  are  two  antennas  with  approximately  identical  side 
lobe  levels,  the  directive  gains  will  be  inversely  proportional  to  the  pro¬ 
duct  of  the  width  of  the  pattern  in  the  horizontal  plane  by  the  width  of 
the  pattern  in  the  vertical  plane,  wherein  the  width  of  the  pattern  is  under¬ 
stood  to  mean  the  angular  span  of  the  pattern  at  half  power. 
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Accordingly, 


D  Pa  D 


Vt 

s  A*9 


(XIV. 12.1) 


In  formula  (XIV. 12. l)  D  and  Dg  are  the  directive  gains  of  the  antenna 
under  investigation  and  of  the  standard  antenna,  A,  cp«  Ag,  and  cpg  are  the 
widths  of  the  patterns  in  the  vertical  and  horizontal  planes  of  the  antenna 

« 

under  investigation  and  of  the  standard  antenna. 

The  BS2  antenna  was  used  as  the  standard  antenna  in  the  calculation  mad* 
of  the  directive  gain  of  the  3BS2  antenna. 

Figures  XIV. 12.1  and  XIV. 12. 2  shows  the  curves  characterizing  the  de¬ 
pendence  of  the  directive  gains  for  the  3BS2  21/8  200/4.5  17  and  3BS2  21/8 
200/4.5  25  antennas  on  the  wavelength  when  ^  =  0°.  However,  these  curves 
will  not  provide  the  complete  picture  of  the  gain  provided  by  the  multiple 
3BS2  antenna  as  compared  with  the  BS2  antenna  because  the  multiple  antenna, 
aided  by  the  phasing,  provides  maximum  gain  for  necessary  values  of  A«  Analysis 
shows  that  use  of  the  corresponding  phasing  will  provide  approximately  a 
threefold  gain  in  the  directive  gain  of  the  3BS2  antenna  as  compared  with 
the  BS2  antenna  for  needed  values  of  A. 

(b)  Efficiency 

The  efficiency  of  the  BS2  antenna  is  used  as  the  basis  for  deter- 
raining  the  efficiency  of  the  3BS2  multiple  antenna.  Change  in  efficiency 
as  a  result  of  the  mutual  effect  of  the  individual  BS  antennas  in  the  system 
is  slight,  so  the  efficiency  of  the  3BS2  multiple  antenna  can  be  taken  as 
approximately  equal  to  the  efficiency  of  the  BS2  antenna  (fig.  XIV. 9. 25) • 

(c)  Antenna  gain 

V 

The  gain  of  a  3BS2  antenna  can  be  established  through  the  formula 

e  «  DT)/l.64. 


Figure  XIV. 12.3  shows  the  curves  which  characterize  the  dependence  of 
the  gain  of  the  3BS2  21/8  200/4.5  25  antenna  on  the  wavelength. 


lependence  of  the  directive  gain  of  the 
BS2  21/8  200/4.5  17  antenna  on  the  wave- 
ength  fox'  different  values  of  4. 


A  =  A. 
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Figure  XIV. 12. 2. 


Dependence  of  the  directive  gain  of  the 
3BS2  21/8  200/4.5  25  antenna  on  the  wave- 
length  for  different  values  of 
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^XIV.13.  Electrical  Parameters  of  a  Traveling  Wave  Antenna  with 
Capacicive  Coupling  Elements 

As  has  already  been  noted  above,  traveling  wave  antennas  with  capacitive 
coupling  elements  (BYe  antennas)  have  very  much  poorer  parameters  than  do 
antennas  with  resistive  coupling  elements  (BS  antennas).  Even  so,  because 
there  are  a  great  many  BYe  antennas  in  use  at  the  present  time,  it  is 
desiraole  to  present  the  basic  parameters  of  these  antennas. 

Two  traveling  wave  antennas  with  capacitive  coupling  are  usually  used  to 
cover  the  entire  shortwave  band.  BYe  39/4  4/2.4  16  antennas,  and  the  cor¬ 
responding  BYe2  39/4  4/2.4  16  and  BYe4  39/4  4/2.4  16  multiple  antennas, 
arc  currently  in  use  for  the  daytime  waveband.  The  distance  between  multiple 
antenna  arrays  is  20  meters.  BYe  24/8  15/3*96  16  and  BYe2  24/8  15/3*96  16 
antennas  are  used  at  night. 

Figure  XIV.13.1  shows  the  dependence  cf  the  factor  k  ,  which  characterizes 
the  phase  velocity  of  propagation  on  the  antenna,  on  the  wavelength  for  the 
BYe  39/4  4/2.4  16  and  BYe  24/8  15/3-96  16  antennas. 

Figures  XIV. 13. 2  through  XIV, 13. 6  show  the  receiving  patterns  in  the 
horizontal  plane  of  the  BYe  39/4  4/2.4  16  antenna.  Also  shown  in  these 
figures  are  the  patterns  for  the  BYe2  39/4  4/2.4  16  and  BYe4  39/4  4/2.4  16 
multiple  antennas. 

The  patterns  of  the  BYe  39/4  4/2.4  16  antenna  in  the  vertical  plane  are 
shown  in  figures  XIV. 13.7  through  XIV.i3.ll. 

Figures  XIV.13.12  and  XIV.13.13  show  the  curves  that  establish  the 
dependence  of  the  directive  gain  and  gain  factor  on  the  wavelength  and  angle 
of  tilt  for  the  BYe  39/4  4/2.4  16  antenna.  The  values  of  the  maximum  gain 
factors  and  directive  gains  are  shown  by  dotted  lines  in  these  figures.  The 

V 

gains  of  the  BYe2  39/4  4/2.4  16  and  BYe4  39/4  4/2.4  16  antennas  are  approxi¬ 
mately  two  and  four  times  those  of  the  single  antenna.  The  directive  gain 
of  the  BYe2  antenna  is  1.5  to  2,  and  the  directive  gain  of  the  BYe4  antenna 
is  2.5  to  4  times  the  directive  gain  of  the  single  antenna. 

Figure  XIV. 13.14  shows  the  curve  for  the  dependence  of  the  efficiency 
of  the  BYe  39/4  4/2.4  16  antenna  on  the  wavelength. 

Figures  XIV.13.15  through  XIV.13.29  show  a  series  of  curves  character¬ 
izing  the  electrical  parameters  of  BYe  24/8  15/3*96  16  and  BYe2  24/8  15/3.96  16 
antennas  designed  for  operation  on  waves  in  the  nighttime  band. 
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Figure  XIV.13.1.  Dependence  o f  the  coefficient  of  reduction  in 
phase  velocity  (k^)  on  wavelength. 

I  -  BYe  39/4  4/2.4  16  antenna; 

II  -  BYe  24/8  15/3.96  16  entenna. 
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Figure  XYV.13.2.  Receiving  patterns  in  the  horizontal  plane  of  . 

BYe  antenna*  for  a  wavelength  of  X  *  13*7 

A  -  BYe  39/4  4/2.4  16  antenna;  B  -  BYe 2  39/4  4/2.4  16 
antenna;  C  -  BY *4  39/4  4/2.4  16  antenna;  D  - 
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Figure  XXV. 13 .3.  Receiving  patterns  in  the  horisontal  plant  of 
BYe  antennas  for  a  wavelength  of  \  •  16  m. 

A  -  BYe  J9/4  4/3.4  16  ant ennui  B  -  BYe2  39/4  4/2.4  16 
antenna;  C  -  BYe4  39/4  4/3.4  16  antenna;  D  - 
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Figure  XIV. 13 .4.  Receiving  patterns  in  the  horizontal  plane  of 
BYe  antennas  for  a  wavelength  of  \  -  19-2  m. 

A  -  BYe  39/4  4/2.4  16  antenna;  »  -  BYe2  39/4  4/2.4  16 
antenna:  C  -  BYe4  39/4  4/2.4  16  antenna;  D  -  E/E  . 
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Figure  XIV.13.5.  Receiving  patterns  in  the  horizontal  plane  of 
BYe  antennas  for  a  wavelength  of  X  “  24  m. 


A  -  BYe  39/4  4/2.4  16  antenna;  B  -  BYe2  39/4  4/2.4  16 
antenna;  C  -  BYe4  39/4  4/2.4  16  antenna;  D  -  E/E  . 
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Figure  XIV.13.6.  Receiving  patterns  in  the  horizontal  plane  of 
BYo  antennas  for  a  wavelongth  of  X  *  32  ». 

A  -  BYe  39/3  3/2.4  16  antenna;  B  •  BXe2  39/4  4/2.4  16 
antenna;  C  -  BYe4  39/4  4/2.4  16  antenna;  D  -  . 
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Figure  XIV. 13. 7. 


Receiving  patterns  in  the  vertical  plane  of  a  BYe  39/4 
4/2.4  16  antenna  for  ground  of  ideal  conductivity  (Yy“* 
ground  of  average  conductivity  (er»8;  yv=0.005),  andV 
ground  of  low  conductivity  (cr=3{  yv»O.OOG5){  X»13«7  *• 
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Figure  Xrv.13.8.  Receiving  patterns  in  the  vertical  plane  of  a  BYe  39/4 
4/2.4  16  antenna  for  ground  of  ideal  conductivity  (y 
ground  of  average  conductivity  (er=8;  yv«0.005)*  and 
ground  of  low  conductivity  (er*3;  Yv=0.0005)j  X“l°  »• 
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Figure  XIV.13.9. 


Receiving  patterns  in  the  vertical  plane  of  a  BYe  39/4 
4/2.4  16  antenni  for  ground  of  ide*l  conductivity  (yv»«») 
ground  of  average  conductivity  (cr>8;  yv*0.005) ,  and 
ground  of  low  conductivity  (cr»3|  >v*0.0005)}  x-19.2  a. 
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Figure  XIV. 13. 10.  Receiving  patterns  in  the  vertical  plane  of  a  BYe  39/4 
4/2.4  16  antenna  for  ground  of  ideal  conductivity  (yv°o> 
ground  of  average  conductivity  (er=8;  yv=0.005),  and 
ground  of  low  conductivity  (er=3;  yv=0.0005);  X“24  m. 
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Figure  XIV.13.II.  Receiving  patterns  in  the  vertical  plane  of  a 
BYe  39/4  4/2.4  16  antenna  for  ground  of  ideal 
conductivity  (yv  =  ») ,  ground  of  average  con¬ 
ductivity  (e  =  8;  yv  =  0.005),  and  ground  of 
low  conductivity  (er  =3;  Yv  *  0,0005); 
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Figure  XIV.13.12.  Dependence  of  the  gain  (e)  of  BYe  39/4  4/2.4  16 

and  BYe2  39/4  4/2.4  16  antennas  on  wavelength  for 
different  angles  of  tilt  (a). 

-  maximum  gain  curve;  A  -  BYe  39/4  4/2.4  16; 

•B  -  BYe2  39/4  4/3.4  16. 


Figure  XZVil3.l3.  Dependence  of  directive  gain  (D)  of  a  BYe  39/4  4/2.4 
16  antenna  on  wavelength  for  different  angles  of  tilt 

(a). 

— maximum  directive  gain  curve;  A  -  BYe  39/4  4/2.4  16 


Figure  XIV.13.l4.  Dependence  of  the  efficiency  of  a  BYe  39/4  4/2.4  16 
antenna  on  the  wavelength. 


Figure  XIV. 13-15.  Receiving  patterns  in  the  horizontal  plane  of 
BYe  24/8  15/3.96  16  and  BYe2  24/8  15/3-96  16 
antennas  for  a  wavelength  of  \  =  30  m. 

A  -  BYe  24/8  15/3.96  16  antenna;  B  -  BYe2  24/8 
15/3-96  16  antenna. 
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Figure  XIV.13.l6. 


Receiving  patterns  in  the  horizontal  plane  of 
BYe  24/8  15/3.96  16  and  BYe2  24/8  15/3.96  16 
antennas  for  a  wavelength  of  X  =  35  «. 

A  -  BYe  24/8  15/3.96  16  antenna;  B  -  BYe2  24/8 
15/3.96  16  antenna. 
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Figure  XIV. 13.20.  Receiving  patterns  in  the  horizontal  plane  of 
BYe  24/8  15/3-96  16  and  BYe2  24/8  15/3-96  16 
antennas  for  a  wavelength  of  X  =  70  m. 

A  -  BYe  24/8  15/3.96  16  antenna;  B  -  BYe2  24/8 
A  15/3-96  16  antenna. 
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Figure  XIV. 13.21.  Receiving  patterns  i 


A  none 


Receiving  patterns  in  the  vertical  plane  of  a 
BYe  24/8  15/3.96  16  antenna  for  ground  of  ideal* 
ductivity  iyv=m) ,  ground  of  average  conductivity 
(er=8;  Yv=0.005),  and  ground  of  low  conductivity 
(e  =3;  yv=9.0005);  X  *=  30  m. 
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Figur*  XTV.13»22»  Receiving  patterns 


Receiving  patterns  in  the  vertical  plane  of  a  BYe 
15/3.96  16  antenna  for  ground  of  ideal  conduct! 
<Yv**J »  Qtound  of  average  conductivity  (e  *8; 
7^-0.005),  and  ground  of  low  conductivity  (er*3{ 

Y  =0.0005);  X  «  35  m. 
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Figure  XIV.13.23.  Receiving  patterns  in  the  vertical  plane  of  a  BYe 

24/8  15/3.96  16  antenna  for  ground  of  ideal  conducti¬ 
vity  (y  =»),  ground  of  average  conductivity  (e  =8; 
•yv=0.00^),  and  ground  of  low  conductivity  (er*3{ 
Yy=0.0005)  i  \  *>  50  m. 
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Figure  XIV. 13 ,24.  Receiving  patterns  in  the  vertical  plane  of  a  BYe 

24/8  15/3.96  16  antenna  for  ground  of  ideal  conducti¬ 
vity  (yv=to) ,  ground  of  average  conductivity  (t  r*8j 
•  yv0.005) .  and  ground  of  low  conductivity  (cr“3j 

Y  =0.0005);  X  =  60  m. 
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Figure  XIV.13.25.  Receiving  patterns  in  the  vertical  plane  of  a  BYe  24/8 
15/3.96  16  antenna  for  ground  of  ideal  conductivity 
(yv=®)  ,  ground  of  average  conductivity  (cr=8; 

Y  *0.005),  and  ground  of  low  conductivity  («r»3t 
Yy=0.0005);  X  *  70  «. 
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Figure  XTV.23.i6.  Dependence  of  gain  Uj  /  of  13 Vo  24/8  15/3.96  16  and 
;j'c2  24/8  i :>/ J  . 9 ■..  To  r.m  <n»..s  on  wavelength  for 
diifcr.:r<c  <.nyics  oi  Lilt  l A 3 .  maximum  gain  curve. 

/.  -  3Ve  24/8  T  5/3-90  16  antenna;  ii  -  BYc2  24/8  35/3.96 
J6  antenna. 
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Figure  XIV.13,27.  Dependence  of  directive  g  in  (D;  of  a  BYe  24/8  15/3.96 
16  antenna  on  wavelength  for  different  angles  of 
tilt  (A)-  maximum  directive  gain  curv*-. 

A  -  BYe  24/8  15/3-96  16  antenna. 
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Figure  XIV. 13. 28.  Dependence  of  maximum  directive  gain  (D)  and. gain  (c) 
of  BYe  24/8  15/3.96  16  and  BYe2  24/8  15/3.96  16 
antennas  on  wavelength. 

A  -  BYe  24/8  15/3.96  16  antenna;  B  -  BYe2  24/8  15/3.96 
16  antenna. 
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Figure  XIV. 13.29.  Dependence  of  the  efficiency  of  the  BYe  24/8  15/3*96 
16  antenna  on  the  wavelength. 


#XIV.l4.  Phasing  Device  for  Controlling  the  Receiving  Patterns  of 
the  3BS2  Antenna 


A  linear  phasing  device  developed  by  V.  D.  Kuznetsov  can  be  used  to  con¬ 
trol  the  receiving  pattern  in  the  vertical  plane  of  a  3BS2  antenna.  As  will 
be  seen  from  the  schematic,  the  phasing  device  is  an  artificial  balanced  line, 
replacing  the  line  with  uniformly  distributed  parameters. 

Antenna,  1,  is  connected  to  terminals  1-1  of  the  artificial  line,  antenna 
3  to  terminals  3-3,  and  antenna  2  to  terminals  2-2.  The  receiver  is  also 
connected  to  terminals  2-2  through  a  conversion  transformer.  Moveable  con¬ 
tacts,  2-2,  slide  over  the  artificial  line. 

The  lengths  of  the  feeders,  and  that  of  the  artificial  line,  are  selected 
such  that  whet,  sliding  contacts  2-2  are  in  the  center  position  the  emfs  pro¬ 
duced  by  all  antennas  will  add  in  phase  upon  the  arrival  of  a  beam  from  a 
direction  that  coincides  with  the  direction  of  the  antennas'  collection  lines. 
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Figure  XIV.14.1.  Schematic  diagram  of  phasing  devic  .>. 

1,  2,  3  -  to  antenna;  A  -  to  receiver;  B  -  trans¬ 
former  data;  =  l).42  microhenries;  L2  =  3.13  micro¬ 
henries;  C,  -  30  pf;  0o  -  107  pf;  =  1,380  pf. 

When  the  sliding  contact  is  moved  >.0  terminals  1-1  the  phase  angle  bet¬ 
ween  the  emfs  across  the  receiver  input  from  antennas  1  and  2,  as  well  as 
from  antennas  1  and  3)  will  bo  increased,  and  this  is  equivalent  to  reducing 
the  phase  velocity  (negative  values  of  £ ) .  Wien  the  sliding  contact  is 
moved  to  terminals  3"3  the  phase  angle  between  the  er.fs  across  the  receiver 
input  from  antennas  1  and  2  and  antennas  1  arid  3  will  be  reduced  and  this  is 
equivalent  to  increasing  the  phase  velocity  (positive  values  of  \jr). 

The  length  of  the  artificial  line  is  selected  to  provide  for  in-phase 
summing  of  the  emfs  across  the  receiver  input  at  maximum  required  angles  of 
elevation,  and  is  established  through  the  formula 

l  =  2D( 1  -  cos  A  )  (XIV.14.1) 

s  max 

where 

D  is  the  distance  between  antennas.  In  our  case  D  »  96  meters. 

Setting  the  magnitude  of  the  maximum  elevation  angle  equal  to  35°, 
we  find 

l  =  35  meters. 

The  artificial  line  is  made  up  of  68  elementary  cells.  The  equivalent 
length  of  an  elementary  cell  is  selecteu  equal  to  0.52  meter.  At  this  length 
the  lag  between  emfs  across  adjacent  antennas  produced  by  one  cell  on  the 
shortest  wave  in  the  band  \  -  12  meters,  equals  31.2°.  Each  elementary  cell 
is  made  up  of  two  single-layer  coils  wound  on  "getinaks"*  cores,  and  one 
condenser.  The  inductance  of  one  coil  in  the  cell  equals  0.2  microhenry, 
and  the  cell  capacitance  is  10  pf. 


*  Translator's  Note:  A  sheet  material  used  in  electrical  work.  Made  in 
pressed  layers  consisting  ox  several  layers  of  paper  impregnated  with 
phenol-aldehyde,  xylcnol-aldehyde,  phenol-aniline-aldchyde  resin,  or  a 
mixture  of  these  resins. 


'  * 


! 


^  'vjji'iu  I  >  n  wii  j  fi  jj^POMnprp 


I 


U 


RA-008-68 


yj 


455 


A  conversion  transformer,  60  ohms  to  l8o  ohms,  is  used  to  match  the  re¬ 
ceiver  input  to  the  output  of  the  phasing  device.  The  schematic  and  data  o 
the  elements  of  the  transformer  are  shown  in  Figure  XIV.14.1. 

The  necessary  condition  for  normal  operation  of  the  3BS2  antenna  system 

t 

is  identity  in  the  design  and  characteristics  of  the  antennas,  as  well  as 
of  the  feeder  lines.  The  lengths  of  the  feeders  for  all  antennas  up  to  the 
inputs  from  the  phasing  dovice  should  correspond  to  the  design  data  following* 
length  of  the  feeder  for  antenna  1  equals  S, 
length  of  the  feeder  for  antenna  2  equals  S  +  D  ♦, (  /2* 
length  of  the  feeder  for  antenna  3  equals  S  +  2D. 

The  possibility  of  equalizing  the  lengths  of  the  feeders  within  up  to 
2.5  meters  is  envisaged  in  the  phase  shifter.  A  small  segment  of  a*  vificial 
line,  made  similar  to  the  '.ine  for  the  phasing  device,  is  inserted  in  the 
break  in  the  feeder  from  antenna  2  for  this  purpose.  Design-wise  the 
equalizer  is  made  in  such  a  way  that  it  can  lengthen  the  feeder  smoothly  from 
0  to  2.5  meters. 

The  phasing  device  described  can  also  be  used  in  the  operation  of  the 
antenna  system  consisting  of  two  2BS2  antennas. 

#XIV.15.  Vertical  Traveling  Wave  Antenna 

There  are  many  cases  when  it  is  necessary  to  substantially  reduce  the 
cost  of  the  traveling  wave  antenna,  as  well  as  to  shorten  the  time  required 
to  build  it.  The  vertical  imbalanced  traveling  wave  antenna  with  resistive 
coupling  elements  (BSVN)  Can  be  recommended  as  an  antenna  meeting  these 
specifications. 

The  schematic  of  the  BSVN  antenna  is  shown  in  Figure  XIV.15.1a.  Two 
parallel  connected  arrays  (fig.  XIV. 15. lb)  should  be  used  to  increase  the 
efficiency  of  the  vertical  traveling  wave  antenna. 
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Figure  XIV.  15.1.  Schematic  diagrams  of  the  BSVN  and  BSVN2  antenna*. 

A  -  vertical  dipoles;  B  -  collection  feeder; 

C  -  terminator. 
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The  following  principal  parameters  for  one  BSVN  antenna  array  can  be 


recommended: 

(1)  length  of  antenna  array  L  ■  90  meters; 

(2)  number  of  unbalanced  dipoles  j.i  the  array  N  =  21  to  42; 

(3)  length  of  a  dipole  l  =  8  decors; 

(4)  distance  between  dipoles  d  =  2.25  to  4.5  meters. 

The  distance,  D,  between  two  arrays  in  the  BSVN2  antenna  can  be  taken 
as  equal  to  15  to  25  meters. 

The  collection  line  is  an  unbalanced,  concentric,  multiconductor  feeder 

with  a  characteristic  imped. nee  of  140  ohms.  The  coupling  resistance  (R  ) 

co 

inserted  between  the  dipoles  and  the  external  systems  of  conductors  making  up 
the  collection  feeder,  should  be  taken  as  equal  to  350  to  800  ohms,  and  the 
terminating  resistor  is  taken  ecuai  to  the  characteristic  impedance  of  the 
collection  feeder.  A  vertical  traveling  wave  antenna  carries  the  following 
designation 


BSVN2  N/l  R  /d. 

co 


"The  receiving  pattern  in  the  horizontal  plane  of  a  BSVN2  antenna  can 
be  charted  through  the  formula 


^(?)=  u 


ch  Nd  —  co-.  f -i  A'd  [  — - cos  f 

fiD  . 

- ! - ! - COS  [  —  Si: 


'y  ch  d  —  co:  i  |  —  cos  9^1 


(ts‘H 


(xiv.15.1) 


The  pattern  in  the  vertical  plane  can  be  charted  through  the  formula 
.  /  ch  }c  A  d  —  cos  1 1  Nd  {  — —  —  cos  A  )  ]  r 

F  (&)•-!-  X/  - i - lil - i-X 

cos  A  s;/  r  /  I  \1 

/  ch  ?e  d  —  cos  p  d  I  —  —  cos  A J  I 

X  <  ![cos(i/sinA)  —  cos  2  /)  (1  -f  jfl  ;  |  cos  *X» , )  -f 
t|/?i  !  sin  «1»  [sin  (a  /  sin  A)  —  sin  a  l  sin  A]  j  + 

-r  i  I  (sin  (a /sin  A)  —  sin  a /sin  Aj  (i  -j/?.  jcos<I>,  -f 

+ 1 R i ) sin  <l» .  [cos(a/sin  A)  — cosa/)|>.  (XIV.15.2) 


In  formulas  (XIV.15.1)  and  (XIV.15.2) 

j R g  j  and  $||  are  the  modulus  and  argument  for  the  reflection  factor  for 
a  parallel  polarized  beam; 

q>  is  the  azimuth  angle,  read  from  the  axis  of  the  antenna; 

A  is  the  angle  of  tilt  of  the  incoming  beam. 

The  values  of  k^  and  for  the  data  used  here  for  the  antenna  are  estab¬ 
lished  from  the  graphics  shown  in  figures  XIV. 9. 1  and  XIV. 9. 2  for  the  hori¬ 
zontal  antenna. 
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Figure  XIV. 15.2  shows  the  charted  pattoms  in  the  horizontal  plane  of  a 
BSVN2  21/8  400/4.5  antenna.  The  calculations  were  made  for  the  case  when 
D  *  25  meters.  A  comparison  of  the  patterns  in  the  horizontal  plane  of  a 
vertical  and  of  a  horizontal  antenna  shows  that  the  level  of  the  side  lobes 
is  considerably  higher  in  the  case  of  the  vertical  antenna.  Correspondingly, 
the. vertical  antenna  has  much  less  noise  stability. 

Figure  XIV. 15. 3  shows  the  patterns  in  the  vertical  plane  of  a  BSVH2 

21/8  400/4.5  antenna  for  the  same  waves  for  moist  ground  (e  *  25,  Y»  * 

“2  —3  ^  ’ 

“  10  mhos/m)  and  dry  ground  (s^  ■»  5,  yv  *  10  J  mhos/m). 
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Figure  XIV. 15.2.  Charted  receiving  patterns  in  the  horizontal 
plane  of  the  BSVN2  2l/8  400/4.5  antenna; 

D  •  25  n. 


The  directive  gain  can  be  approximated  by  comparing  the  patterns  of 

the  BSVN2  21/8  400/4.5  antenna  with  the  patterns  of  the  BS2  antenna. 

Figure  XIV. 15. 4  shows  the  dependence  of  the  maximum  directive  gain  of 

a  BSVN2  21/8  400/4.5  antenna  for  wet  soil  (e  «  25,  Y  *  10  mhos/m)  and 

“3  r  v 

dry  soil  («  «  5,  y ,  “  10  mhos/m). on  the  wavelength. 
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Figure  XIV. 15. 5*  Dependence  ot  maximum  gain  of  a  BSVN2  21/8  400/4.5 
antenna  on  wavelength  for  wet  and  dry  ground. 

A  -  wet  ground;  B  -  dry  ground. 
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The  charted  values  of  maximum  antenna  gain  for  the  BSVN  antenna  in  the 
waveband  are  shown  in  Figure  XIV. 15.5* 

In  concluding  this  section,  it  should  be  noted  that  the  vertical  traveling 
wave  «ntenna,  together  with  the  horizontal  traveling  wave  antenna,  can  be  used 
for  duplex  reception  with  separation  with  respect  to  polarization.  The  vertical 
antenna  can  be  installed  below  the  horizontal  antenna  in  the  same  area. 

It  is  desirabJe  to  have  the  projections  of  the  collection  lines  of  the  hori¬ 
zontal  and  vertical  antennas  on  the  ground  coincide  in  order  to  ensure  minimum 
mutual  effect. 

#XIV.l6.  Traveling  Wave  Antenna  Design  Formulation 
(a)  BS,  BS2,  and  3BS2  antenna  formulation 

The  BS  antenna  array  consists  of  21  balanced  dipoles.  The  length 
of  the  antenna  array  is  90  meters.  The  dipoles  are  made  of  hard-drawn 
copper,  or  bimetallic  wire,  2  mm  in  diameter. 

Figure  XIV.16.1  shows  one  way  in  which  dipoles  can  be  connected  to  the 
collection  line. 

Figure  XIV. 16. 2  sho vs  how  the  coupling  resistors  connected  between  the 
balanced  dipoles  and  the  collection  line  are  secured  in  place. 

Type  MLT  mastic  resistors,  designed  to  dissipate  2  to  5  watts,  can  be 
used  as  the  coupling  resistors.  It  is  desirable  to  use  type  MLT  resistors, 
designed  to  dissipate  10  watts,  in  areas  where  thunderstorms  occur. 

The  antenna  array  can  be  suspended  on  4  to  6  wooden  or  reinforced-concrete 
masts  by  bearer  cables.  Insulators  are  inserted  in  the  bearer  cables  every 
3  to  4  meters.  It  is  desirable  to  insulate  the  balanced  dipoles  by  using 
stick  insulators,  since  they  have  low  stray  capacitance. 

A  six-wire  reduction  with  V  «170  ohms,  running  to  a  170  ohm  terminating 
resistor,  is  connected  to  the  end  of  the  collection  feeder  directed  at  the 
correspondent . 
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Figure  XIV. 16.1.  Securing  the  dipoles  to  the  collection  line. 

A  -  collection  feeder,  four-wire,  crossed;  W  -  168  ohms 
of  bimetallic  wires,  3  mm  diameter;  B  -  insulator; 

C  -  spreader;  D  -  dipole. 
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Figure  XIV. 16. 2.  Securing  the  coupling  resistor. 

A  -  insulator;  B  -  resistor;  C  -  asbestos  wool. 


Everything  said  in  the  foregoing  with  respect  to  making  terminating 
resistors  for  rhombic  receiving  antennas  applies  with  equal  force  to  the 
terminating  resistors  for  the  BS  antenna  (see  #XIII.l6). 

The  collection  line  for  the  BS  antenna  is  made  in  the  form  of  a  four- 
wire  crossed  feeder  with  a  characteristic  impedance  of  168  ohms.  The 
TF6  168/208  six-wire  feeder  transformer  (fig.  XIV. 16. 3)  can  be  used  to 
match  the  collection  line  of  the  BS  antenna  with  a  standard  supply  feeder 
with  a  characteristic  impedance  of  208  ohms,  while  TF6  168/416  transformers 
{fig.  XIV. 16. 4)  can  be  used  to  match  the  BS2  antenna  with. the  supply  feeder. 

Should  BS  and  BS2  antennas  be  used  to  operate  in  two  opposite  directions, 
feeder  transformers  TF6  168/208  (BS  antenna)  and  TF6  168/416  (BS2  antenna) 
can  be  connected  to  both  ends  of  the  collection  feeder.  The  supply  feeders. 
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with  characteristic  impedance  of  208  ohms,  running  to  the  service  building, 
are  connected  to  these  transformers.  Tho  terminating  resistors  are  installed 
in  the  service  building. 


Figure  XIV. 16. 3.  Schematic  diagram  of  the  match  between  a  BS  antenna 
and  a  four-wire  feeder. 

A  -  six-wire  feeder  transformer  TF6  168/208; 

B  -  four-wire  feeder  (V  *  208  ohms). 


Figure  XIV. 16. 4.  Schematic  diagram  of  the  match  between  a  BS2  antenna 
and  a  four-wire  feeder. 

A  -  vertical  feeder  transformer  TF6  168/208; 

B  -  horizontal  feeder  transformer  TF6  208/416; 

C  -  four-wire  feeder  (W  =  208  ohms. 

¥ 

The  BS2  antenna  is  suspended  on  6  to  9  wooden  or  reinforced-concrete 
masts  by  bearer  cables.  A  general  view  of  a  BS2  antenna  suspended  on  nine 
supports  is  shown  in  Figure  XIV. 16. 5. 

The  3BS2  antenna  is  suspended  on  from  8  to  21  masts  by  bearer  cables. 

A  general  view  of  a  3BS2  antenna  suspended  on  21  masts  is  shown  in  Figure- 
XIV.16.6. 

(b)  BYe_  and  BYe3  antenna  formulation 

The  collection  line  for  the  BYe  antenna  is  made  in  the  form  of  a 
two-wire  feeder  of  copper  or  bimetallic  wire,  3  to  4  mm  in  diameter.  The 
distance  between  the  wires  is  taken  equal  to  8  cm. 

Tho  balanced  dipoi.es  are  manufactured  from  hard-drawn  copper  or  bi¬ 
metallic  wire,  1.5  to  2  mm  in  diameter. 

The  condensers  inserted  between  the  balanced  dipoles  and  the  collection 
line  ere  made  so  they  are  at  the  same  time  collection  line  insulators 
ffig.  XIV. 16. 7),  hence  tho  designation  insulators-condensers. 


Figure  XXV. l6. 5.  General  view  of  a  BS2  antenna. 

A  -  balanced  dipole;  B  -  insulators;  C  -  bearer 
cables;  D  -  coupling  resistor  200  ohms;  E  - 
terminating  resistor;  F  -  supports,  l8  to  27  meters. 


Figure  XIV. 16. 6.  General  view  oi  a  3BS2  type  antenna. 
A  -  to  phase  shifter. 
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Figure  XIV.16,7.  Insulator-condenser  for  a  traveling  wave  antenna. 


Figure  XIV. 16.8.  Transverse  cross  section  of  a  collection  feeder 
for  a  BSVN  antenna. 

The  BYe  antenna  array  is  similar  to  the  3S'  antenna  array. 

The  distribution  feeder  is  two-wire  with  a  characteristic  impedance  of 
400  to  450  ohms.  An  exponential  feeder  transformer,  the  TF4P  400/208,  is 
used  to  match  the  distribution  feeder  with  the  four-wire  supply  feeder  with 
characteristic  impedance  of  208  ohms. 

The  distribution  feederr  of  the  BYe2  antenna  also  have  a  characteristic 
impedance  of  400  to  450  ohms.  The  characteristic  impedance  of  all  antennas 
in  the  BYe2  system  is  about  200  ohms  and  can  be  matched  well  to  the 

% 

characteristic  impedance  of  a  four-wire  feeder. 

Two-wire  distribution  feeders  are  made  of  copper  or  bronze  stranded 
conductors,  2-3  mra  in  diameter. 

The  two-wire  distribution  feeders  are  crossed  every  0.5  to  1  meter  to 
weaken  antenna  effect.  The  insulators  used  to  make  the  cross  are  usually 
made  of  porcelain. 

The  terminating  resistor  should  have  a  value  of  400  to  450  ohms. 

(c)  BSVN2  antenna  formulation 

Each  of  the  antenna  arrays  is  suspended  on  two  supports  at  a  height 
of  12  to  14  meters  by  bearer  cables.  The  bearer  cables  are  broken  up  by  in¬ 
sulators  every  3  or  4  meters. 

A  cross  section  of  the  collection  feeder  is  shown  in  Figure  XIV. 16. 8. 
The  conductors  numbered  1  form  the  shield  f^r  the  concentric  feeder,  while 
those  numbered  2  form  the  internal  conductor  of  the  feeder.  The  shield 
conductors  are  interconnected  by  jumpers. 
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The  shield  is  grounded  at  each  dipole  by  stakes  driven  50  to  100  cm 
into  the  ground.  The  use  of  radial  grounding,  consisting  of  10  to  12  con¬ 
ductors  5  t  10  meters  long  is  more  desirable  than  the  stakes  because  the- 
loss  to  ground  will  be  rat  iced. 
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Chapter  XV 


SINGLE-WIRE  TRAVELING  WAVE  ANTENWA 

'#XV.l.  Antenna  Schematic  and  Operating  Principle 

The  single-wire  traveling  wave  antenna  (the  Severing*  antenna)  ia  ft 
long  wire  suspended  not  very  high  above  the  ground  and  loaded  with  pure 
resistance  equal  to  the  characteristic  laspedance  of  the  conductor.  Figure 
XV. 1.1  is  a  schematic  of  this  antenna. 

So  far  as  electrical  parameters  are  concerned,  the  single-wire  traveling 
wave  antenna  is  not  os  good  as  the  highly  efficient  receiving  antennas  (such 
as  the  BS  antenna)  reviewed  above.  However,  there  are  many  cases  where  the 
exceptional  design  simplicity  and  cheapness  of  the  single-wire  antenna  make 
it  irreplaceable. 

The  eaf  in  the  antenna  wire  is  created  by  the  horison'..al  component  of 
the  incident  wave  electric  field  strength  vector.  If  the  direction  e?  the  in¬ 
coming  signal  is  little  different  from  the  direction  of  the  wire,  conditions 
favorable  for  the  addition  of  the  eaf a  induced  at  individual  pointw  on  the 
wire  at  the  receiver  input  will  be  created.  But  if  the  direction  from  which 
the  wave  is  arriving  is  substantially  different  from  the  direction  of  the 
wire,  reception  will  be  greatly  weakened  by  the  interference  of  the  mefs  in¬ 
duced  at  individual  points  on  the  wire.  A  more  detailed  description  of  the 
principle  of  operation  of  the  traveling  wave  antenna  was  given  in  the  pre¬ 
ceding  chapter. 

Henceforth  the  aingle-wire  traveling  wave  antenna  will  be  shortened  to 
the  designation  OB  L/H,  where  L  is  the  length  of  the  antenna  in  meters,  and 
H  is  the  height  at  which  the  antenna  is  suspended  shove  ground  in  meters'. 
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Figure  XV. 1.1.  Schematic  diagram  of  a  single-wire  traveling 
wave  antenna.  »  * 


A  -  receivers  B 


receiver* 


#XV.2.  Design  Foramlas 

(a)  Formilas  for  OB  antenna  radiation  patterns 
The  single-wire  traveling  wave  antenna  can  be  assumed  to  have  a 
parallel  polarised  field,  as  well  as  a  normally  polarised  fiald.  Without 
pausing  to  derive  them,  let  us  introduce  formulas  for  charting  the  patterns 
of  the  OB  antenna  when  receiving  a  parallel  polarised  field  (Fj),  and  when 
receiving  a  normally  polarised  field  (Fj_). 
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where 
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F ,  (A,  *)  sin  A  cos  ?  | !  —  j/? ,  |  e'* '  * 

/I  —  2e~*L  cos  L  ^  —  *  —  cos  A cosf  |J  4-  e—JM- 

(~ -cos  A  cosy)*  +  (-*-]*  (XV.2.1 ) 

Fa  (A,  <?)  =-  sin  7 1 1  +  \R,\ e1^  |  X 

•  —  2t~*L  cos  J^«  L  ^  - cos  A  cos  f  J  j  ■{* 

(“^ —  «>*  A  cosy)*  +  (XV.2.2) 


A  is  the  angle  of  elevation; 

«p  is  the  avimuth  angle; 

|Rg|  and  $ij  are  the  modulus  and  argument  for  the  parallel  polarised 
wave  reflection  factor; 

|  Rj  and  are  the  modulus  and  argument  for  the  normally  polarised 
wave  reflection  factor; 

L  is  the  length  of  the  antenna; 

H  is  the  height  at  which  the  antenna  is  suspended; 

8  is  the  attenuation  factor  for  the  wave  on  the  wire; 

s-f. 

c  is  the  speed  of  light; 

v  is  the  phase  velocity  of  propagation  of  the  current  along  the  wire.  ' 

Analysis  of  forms? as  (XV.2.1)  and  (XV.2.2)  demonstrate  that  at  low  angles 
of  elevation  the  antenna  does  not,  for  all  practical  purposes,  receive  the 
normal  component  of  the  field.  Consequently,  at  low  angles  the  formula  for 
the  receiving  pattern  of  the  OB  antenna  is  established  through  formula 
(XV.2.1). 

^  vertical  plane  the  formula  for  the  pattern  b<?comes 


F(  A)  =»  sin  A  |  l— |/?,|e,*»~K,f,‘ln4 1  x  ■ 

j  1  —  2 t~fL  cos  |a  £.  ^ - cos  A  )  ]  -f- 

(F-'i'+H-)’ 


(XV.2.3) 


(b)  Propagation  factor  on  the  wire 

The  directional  properties  of  the  single-wire  traveling  wave  antenna 
mra  greatly  dependent  on  th.»  wave  propagation  factor  on  the  wire,  that  is, 
on  the  phase  velocity,  v,  and  the  attenuation  factor  0.  Because  of  the  ground 
effect  the  wave  propagation  factor  on  the  wire  is  greatly  different  from  the 
ware  propagation  factor  in  free  space.  The  phase  velocity  of  propagation  on 
the  wire  an  influenced  by  the  ground  proves  to  be  less  than  the  speed  of 
light.  Moreover,  losses  in  the  ground  produce  attenuation  of  the  current. 


I 


KA-008-68 


Analysis  reveals  that  the  parameters  l/k  »  c/v  and  0  can  be  established 

1  * 

through  the  following  equation! 


JL_lJL 


(XV.2.4) 


Here  a  ip  the  radius  of  the  wire, 


where 


/~2S«  d«, 

J  »#w+/5*+7*. 


*•  ■  c  “  i60Xy  is  the  relative  complex  permittivity  of  the  soil! 
r  r  v 


VT=Z 


ft*  l-D. 


b  =*  2j  HS. 


Figures  XV. 2.1  and  XV. 2. 2  show  predetermined  values  of  c/v  -  1  and  fj/a 
for  a  2  era  diameter  wire  suspended  at  height  H  ■  5  meters  (tho  solid  line) 
and  at  height  H  »  2.5  meters  (the  dotted  line)  in  the  10  to  100  meter  band, 
established  by  numerical  integration.  The  curves  were  plotted  for  ‘three 
grounds i 

1  -  low  conductivity  (dry);  «r  *  3,  Yy  ■  0.0005  mhos/meter; 

2  -  average  conductivity:  er  '  8j  Yv  “  0.005  mhos/meter; 

3  *>  high  conductivity  (wet):  er  «  20,  yy  *  0.05  mhoe/meter. 


Figure  XV. 2.1.  Dependence  of  the  magnitude  of  c/v  >  i  on  X> 

Curve  l*era3iVv=  0.0005  mhos/m; 
curve  2  -  er  •=  8;  Yy  “  0.005  mhos/m; 
curve  3  -  e_  *»  20;  yy  *  0.05  mhos/m. 

A  -  height  at  which  wire  suspended  H  •  5  ■;  B  •  height 
at  which  wire  suspended  H  ■  2.5  ai» 

cttetsu  i,*  umiiM 

1.  6,  A.  Grinberg  and  B.  E.  Bonshtedt.  "S undoKentale  of  a  ?rer?£»*»  Theory  of 

the  Wave  Field  of  a  Transmission  Line,"  ZhTF,  Ist.uo  1, 
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The  data  shown  in  figures  XV. 2.1  and  XV. 2. 2  demonstrate  that  the  effect 
of  the  ground  on  the  current  propagation  factor  on  the  wire  is  quite  sig¬ 
nificant,  and  that  the  drier  the  ground  the  stronger  the  effects  The  effect 
of  the  ground  on  the  propagation  factor  diminishes  with  increase  in  wire 
suspension  height. 

It  should  be  noted  that  the  formulas  cited  above  for  calculating  the 
attenuation  factor,  0,  are  for  the  case  of  an  infinitely  long  antenna  (R^-O). 
The  attenuation  factor  on  a  wire  of  finite  length  is  not  only  established  by 
the  losses  in  the  ground,  but  also  by  radiation  losses  (R^<0),  so  that  the 
attenuation  factor  3  depends  on  antenna  length.  However,  in  the  case  of 
long  antennas  yh/\  >  2-3),  it  can  be  taken  for  engineering  designs  that  the 
factor  3  does  not  depend  on  antenna  length  and  that  it  is,  for  all  practical 
purposes,  equal  to  the  attenuation  factor  on  a  wire  of  finite  length. 


r^—Sucyna  ncihet  npeMa  H-Sn  A 
— Ivcome  notftcc  npatcda  b 

'  »  JJ  SO  V  KOk/s 


Figure  XV. 2.2.  Dependence  of  the  magnitude  of  3/or  on 
Curve  1  -  sr  =  3!  Yv  “  0.0005  mhos/mj 
curve  2-6  **  6;  y  «  0.005  mhos/mj 


curve  3  -  8  -*  20(  Yv  "  0.05  mhos/m. 

k  -  height  at  which  wire  suspended  H 
at  which  wire  suspended  K  -  2.5  m. 


5  mj  B  -  height 


(c)  Formulas  for  the  gain  factor  and  the  directive  gain 
of  an  06  antenna _ • 

The  gain  factor  of  a  single-wire  traveling  wave  antsma,  in  accordance* 

with  foiuWla  (YX.3.1),  equals 


•  «  i~sin*  A 1 1 — j/? ,  [e”'  l*  x  . 

.  .'c.  “  •  - 
— cos  a)! 

x— (i— MH* 


(XV.2.5> 
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vhtrt 

V  is  the  characteristic  impedance  of  the  antenna,  with  the  reel 
conductivity  of  the  around,  equal  to 

r-60-jLln^-.  OW.2.6) 


taken  into  consideration. 

The  directive  gain  of  the  OB  antenna  can  be  calculated  through  the 
general  foneule  IVI.1.6). 

#XV.3.  Selection  of  Antenna  Dinenslons 

Antenna  length  is  selected  to  provide  maximum  effectiveness  of  the  an¬ 
tenna  in  the  working  range. 

So  far  as  the  expression  for  the  antenna  gain  is  concerned,  there  is 
only  one  factor  u-hich  depends  on  antenna  length 

g(L)  «  1  -  2e-*cos  [«£  (i-  -  cos d)]  +  e”*.  (xv.3#l) 

V. 

The  optima  antenna  length  is  established  for  the  condition  that 
expression  (XV. 3.1)  be  a  naxinua. 

We  can  obtain  the  following  expression  for  optima  antenna  length  by 
arriving  at  an  approximate  solution  to  the  equation  dg(L)/dL  »  0, 


As  will  be  seen  from  formula  (XV. 3. 2)  optimum  antenna  length  depends  on 
ground  parameters,  height  at  which  the  antenna  is  suspended,  and  the  angle 
of  approach  of  the  beam. 

Figure  XV. 3. 1  shows  the  dependence  of  the  optisum  antenna  length  on 
the  wavelength  for  suspension  height  H  »  2.5  meter*  and  ground  of  medium  con¬ 
ductivity  (er  »  8,  Yr  *  0.005  mhos/m)  at  angles  of  arrival  fe  =*  9*  end 
A  -  15’. 

The  data  contained  in  this, figure  reveal  the  desirability  of  selecting 
an  antenna  length  on  the  order  of  300  to  400  sssters.  There  io  a  sharp  re¬ 
duction  in  the  antenna  gain  and  directive  gain  at  the  shortwave  edge  of  the 
band  when  the  length  is  increased  above  300  and  400  meters. 

The  antenna  suspension  height  too  is  selected  to  obtain  hignest  antenna 
efficiency  over  the  entire  band.  Calculations  reveal  that  the  antenna's 
directive  gain  depends  little  oh  the  suspension  height,  but  eni-sona  gain 
very  definitely  does.  For  example,  the  gain  of  a  300  osier  long  antenna  will 


m 
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increase  over  the  band  by  a  factor  of  3  to  10  when  the  suspension  height  ia 
increased  froa  1.25  aeters  to  5  aeters.  Hence,  it  is  desirable  to  increase 
antenna  suspension  height,  but  when  this  is  done  there  is  a  considerable  in¬ 
crease  in  antenna  cost,  to  say  nothing  of  the  intensification  of  the  antenna 
effect  created  by  the  vertical  vires  connecting  the  antenna  with  the  feeder 
and  grounding.  For  these  reasons  antenna  height  is  not  taken  as  greater 
than  4  to  5  aeters. 
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Figure  XV. 3.1.  Dependence  of  the  optimua  length  of  an  00  antenna 
on  the  wavelength  at  a  suspension  height  of 
H  =  2.5  aeters  and  ground  of  average  conductivity 
(er=8,  yv=0.005  ahos/a. 


#XV.4.  Electrical  Parameters  of  the  OB  300/2.5  Antenna 

Figures  XV. 4.1  through  XV. 4. 7  show  the  receiving  patterns  of  the 
OB  300/2.5  an tern  a  in  the  vertical  plane  in  the  waveband  12  to  100  aeters 
for  wet  (*r  -  20,  Yv  *  0.05  ahos/aeter)  and  dry  (*r  *  3*  =  0.0005  ahos/aeter) 

grounds,  charted  through  foraula  (XV, 2. 3). 

As  will  be  seen  frca  the  diagraas  the  OB  antenna  has  rather  large  side 
lobes  in  the  vertical  plane,  and  the  level  of  the  lobes  is  higher  over 
wet  ground  than  over  dry. 
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Figure  XV.4.1.  Receiving  patterns  in  the  vertical  plane  of  an  08  300/3*5 
anter.ni  for  a  wavelength  of  i  ■  IS  a, 

4  -  wet  ground  (t  *20,  Y-“0»05  ehos/a)  t 
B  -  dry  ground  (tp,3,  y^  0.0005  ahos/a). 
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Figure  XV.4.2.  Receiving  patterns  in  the  vertical  plane  of  an  OB  300/2.5 
.  antenna  for  a  wavelength  of  \  *  15 

A  -  wet  ground  (a  =20,  y  -0.05  ahoa/ui); 

B  -  dry  ground  C«r“3,  Yr  *0.000 5  ahoa/a). 


liliiiiiiiiii 


US 


IIIH 

IIKlilil 

nnlp 

BBlmiiiilill 


- *~6naxo*»  nouba  A 

- Cytot  nouSa  /t,-3,  fc-anooi&l  B 


t  B&3Q*oxa*tt099  no  tm-aonoMOO  no  no  oot 

Figure  XV.4.3.  Receiving  patterns  in  the  vertical  plane  of 
antenna  for  a  wavelength  of  X  “  20  a. 

A  -  wet  ground  (e  -20,  y  -0.05  ahoa/a); 

8  “  dry  ground  (<r“3,  Yr-0.0005  ahoa/a). 


an  OB  300/2.5 
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Figure  XV. 4,4.  Receiving  patterns  in  the  vertical  plane  of  an  OB  300/2.! 
antenna  for  a  wavelength  of  \  «  30  a. 

A  -  wet  ground  (cr-20,  yy-0,05  ahos/ah 
3  -  dry  ground  <tr-3,  yv=0.0005  abos/a). 
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Figure  XV.4.5.  Receiving  patterns  in  the  vertical  plane  of  an  OB  300/2.5 
antenna  for  a  wavelength  of  X  *  50  k. 

A  -  wet  ground  (e^SO,  yv=0.05  mhos/m)  j 
B  -  dry  ground  (e„*I3 «  Yy=0.0005  mhos/m). 
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Figure  XV. 4.6.  Receiving  patterns  in  the  vertical  plane  of  an  OB  300/2.5 
antenna  for  a  wavelength  of  \  °  70  ». 

A  -  wet  ground  (er-20,  mhGs/'m)} 

B  -  dry  ground  (er=3j  yv=0.0005  mhos/m). 
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Figure  XV.4.7.  Receiving  pat terras  in  tho  vertical  plane  ©f.  an  OB  300/2.5 
antenna  for  a  wavi*ength  of  X  a  100  a. 

A  -  wet  ground  («r^2Q,  sfy^fJeOS  *hos/u)|  •' 

B  -  dry  ground  («r»3*  yv«O.CC05  oho s/a >> 
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Figures  XV. 4. 8  through  XV.4.14  show  the  receiving  patterns  of  an 
OB  300/2.5  antenna  over  conical  surfaces  at  elevation  angles  corresponding 
to  the  direction  of  Maxims*  reception.  The  diagrams  were  charted  for  the 
parallel  field  component. 

Since  the  patterns  of  the  OB  antenna  over  conical  surfaces  are  little 
dependent  on  ground  parameters,  they  have  been  shown  only  for  wet  ground. 

Figure  XV. 4.15  shows  the  directive  gain  values  for  the  OB  300/2.5 
antenna  in  the  waveband  for  wet  and  dry  grounds.  Numerical  integration  of, 
formula  (VI. 1.6)  was  used  to  establish  the  directive  gain  values. 

The  data  presented  in  Figure  XV.4.15  show  that  the  directive  gain  of 
the  OB  antenna  has  but  slight  dependence  on  ground  parameters  in  the  30  to 
100  meter  waveband.  At  the  shortwave  edge  of  the  band  the  directive  gain 
of  an  antenna  on  dry  ground  is  higher  than  that  of  an  antenna  on  wet  ground 
by  a  factor  of  1.3  to  1.65. 
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Figure  XV. 4.8.  Receiving  pattern  in  the  horizontal  plane  (d-9*)  of 
an  OB  300/2.5  antenna  on  a  wavelength  of  X  a  12  m. 
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Figure  XV.4.9.  Receiving  pattern  in  the  horizontal  plane  (A-10*)  of 
aa  OB  300/2.5  antenna  on  a  wavelength  of  X  »  15  n. 
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Figure  XV. 4. 13.  Receiving  pattern  in  the  horizon tel  plane  (£»32*) 
of  an  OB  300/2.5  antenna  on  a  wavelength  o2  X  ■  70 
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Figure  XV.4.14.  Receiving  pattern  in  the  horizontal  plane  (A»25*) 

of  an  OB  300/2.5  antenna  on  a  wavelength  of  X  -  100  Mi 
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Figure  XV.4.15.  Dependence  of  the  directivo  gain  of  un  0B  300/2.5 
antenna  on  the  wavelength. 

A  -  dry  ground)  B  -  wet  ground. 
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Figure  XV.4.16  shows  the  values  of  antenna  gain  for  the  OB  300/2.5 
antenna  in  the  waveband  indicated  in  that  figure.  As  will  be  seen,  the 
OB  antenna  gain  changes  very  greatly  with  change  in  ground  parameters. 

The  OB  antenna  gain  is  Mich  lower  over  wet  ground  than  it  is  over  dry  ground* 


Figure  XV.4.16*  Dependence  of  the  gain  of  an  OB  300/2.5  antenna 
on  the  wavelength. 

A  -  dry  ground;  B  -  ground  of  average  conductivity; 
C  -  wet  ground. 


#XV.5.  Electrical  Parameters  of  the  OB  IOC/2.5  Antenna 

There  are  individual  instances  when  it  is  difficult  to  use  a  300  meter 
long  antenna.  When  this  is  the  case  a  shorter  antenna,  one  approximately 
100  meter  long,  can  be  used. 

Figures  XV. 5. 1  through  XV. 5.7  show  the  receiving  patterns  of  the 
OB  100/2.3  antenna  in  the  vertical  plane  for  wet  and  dry  ground.  Figures 
XV. 5.8  through  XV. 3.14  show  the  patterns  of  the  OB  100/2.3  antenna  over  a 
conical  surface  at  angles  of  elevation  correspoding  to  maximum  reception  for 
wet  ground. 

The  patterns  in  figures  XV. 5. 8  through  XV.5.14  were  charted  for  the 
parallel  field  component . 

The  directive  gain  of  the  OB  100/2.5  antenna  is  less  than  that  of  the 
OB  300/2.5  antenna  by  approximately  a  factor  of  three.  Figure  XV.5.15  shows 
the  change  in  the  gain  factor  for 'the  OB  100/2.5  antenna  over  the  trvreband. 
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Cospariaon  of  the  data  proaented  in  this,  as  well  as  in  the  preceding 
paragraphs,  reveals  that  the  OB  100/2.5  antenna  is  very  such,  inferior  to  the 
longer  OB  300/2*5  antenna  in  directional  properties,  as  well  as  in  gain* 


Figure  XV. 5.1.  Receiving  patterns  in  the  vertical  plane  of  an 
OB  100/2*5  antenna  on  a  wavelength  of  X  *  12 

A  -  wet  ground  («r»20,  yv*0*°5  mhoa/m) ; 

B  -  dry  ground  («r«3,  Yv =®*0005  mhpm/m ). 


JL 


Figure  XV*5*2.  Receiving  patterns  in  the  vertical  plane  of  an 
0B  100/2.5  antenna  on  a  wavelength  of  X  ■  15 

A  -  wet  ground  (cr*20,  \r"Q»05  mkom/m) } 

B  -  dry  ground  (cr™3,  Yy*0.0005  Mbos/s)* 
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Figure  XV. 5.3.  Receiving  patterns  in  the  vertical  plane  of  an 
*  OB  100/2.5  antenna  on  a  wavelength  of  X  ■  20  a. 

A  -  wet  ground  (e  =20,  yv“0*°1’  alios/®)} 

B  -  dry  ground  y^^aOOO?  mhos/m)# 
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Fig>ire  XV.5.4.  Receiving  patterns  in  the  vertical  plane  of  an 
OB  100/2.5  antenna  on  a  wavelength  of  X  *  30 

A  -  wet  ground  (er“20,  ■ho®/*) I 

B  -  dry  ground  («r”3»  yy*0.0005  nhos/®) . 
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Figure  XV.5.5.  Receiving  patterns  in  the  vertical  plane  of  an 
OB  100/2.5  antenna  on  a  wavelength  of  X  »  50  ■ 


A  -  wet  ground  (cr*20«  \y"Q*05  ahos/a); 
B  -  dry. ground  («r"3»  yv*0«00f>5  nboa/n) i 
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Pilgure  XV. 5*6*  Receiving  patterns  in  the  vertical  plane  of  «& 
OB  100/2.5  antenna  on  a  wavelength  of  X  *  70  ■» 

A  -  wet  ground  (*r=20,  yy“0.05  nhoa/e); 

B  -  dry  ground  («r*3t  yv"0^0005  ■ &no/*)* 


Figure  XV.5.7.  Receiving  patterns  in  the  vertical  plane  r.t  an 

OB  100/2.5  antenna  on  a  wavelength  of  ■  100  a> 

A  -  wet  ground  (cr**30,  Vv*O.05  viw*/n) } 

B  -  dry  ground  («r"3»  Yr*®ia®5  ehos/e) . 


Figure  XV.5.8.  Receiving  patterns  in  the  horieontal  plane  (d»17.5#) 

of  OB  100/2.5  and  0B2  100/2*5  antennae  on  a  wavelength 
of  X  ■  13  n. 

— OB  antennal  — 0B2  antenna. 
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Figure  XV. 5.9*  Receiving  patterns  in  the  horizontal  plane  (^*19*)  of 
OB  100/2.5  and  0B2  100/2.5  antennas  on  a  wavelength 
of  X  =  15  Bt. 


OB  antenna; 


0B2  antenna. 
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Figure  XV. 5. 10.  Receiving  patterns  in  the  horizontal  plane  (A“22e)  of 
OB  100/2.5  and  0B2  100/2.5  antennas  on  a  wavelength 
of  X  ■  20  m. 


OB  antenna; 


0B2  antenna. 
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Figure  XV.5.H*  Receiving  patterns  in  the  horizontal  plane  (a*27*5#) 

of  OB  100/2.5  and  0B2  100/2.5  antennas  on  a  wavelength 
c.f  X  *  30  ■. 


OB  antennal 


0B2  antenna. 
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Figure  XV.5.12. 


Receiving  patterns  in  the  horizontal  plane  (4»37*)  o f 
OB  100/2.5  and  GS2  100/2.5  antennas  on  a  wavelength 
of  X  “  50  a. 


OB  antenna)  • - 0B2  antenna. 


Figure  Xy.5-13»  Receiving  patterns  in  the  horizontal  plane  (i4j*)  of 
OB  100/2.5  and  0B2  100/2.5  antennas  on  a  wavelength 
of  X  -  70  a. 

— - ■—  OB  antenna)  -----  0B2  u./tenna. 


Figure  XV.5.14.  Receiving  patterns  in  the  horizontal  plane  (A"53* )  of 
OB  100/2.5  and  0B2  100/2.5  antennas  on  a  wavelength 
of  . \ .■  100 

—  —  —  OB  antenna)  0B2  antenna. 


Figure  XV.5.15.  Dependence  of  the  gain  of  the  OB  100/2.5  antenna 
on  the  wavelength. 

A  -  dry  ground;  B  -  ground  of  average  conductivity; 

C  -  wet  grr.md. 

#XV. 6.  Multiple  Traveling  Wave  Antennas 

The  use  of  multiple  antennas,  made  up  of  several  single  OB  antennas  ia 
desirable  in  order  to  increase  the  directive  gain  and  the  antenna  gain. 

The  simplest  way  to  increase  efficiency  is  to  connect  two  OB  antennas 
in  parallel  (fig.  XV.6.1).  The  receiving  pattern  in  the  horizontal  plane  of 
a  twin  an  tenia  (the  0B2  antenna)  can  be  charted  through  formula  (XIV.8.1). 

Patterns  of  the  0B2  300/2.5  antenna  have  been  charted  in  figures  XV. 5. 8 
through  XV. 5.14  by  the  dotted  lines.  The  distance  between  the  antennas  (d^) 
was  selected  equal  to  l8  meters.  The  distance,  d^  should  be  increased  when 
the  antennas  are  longer,  so,  by  way  of  an  example,  d^  should  be  approximately 
30  meters  for  the  0B2  300/2.5  antenna. 
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Figure' XV.6.1.  Schematic  diagram  of  a  multiple  0B2  antenna. 

A  -  OB  antenna;  B  -  conversion  transformer. 

The  gain  in  directive  gain  of  the  0B2  100/2.5  antenna  is  1.5  io  2  as 
compared  with  the  0B  100/2.5  antenna  in  the  12  to  20  meter  band  when  d,  «  18  a 
The  gain  falls  off  at  the  longwave  edge  of  the  band. 

The  0B2  antenna  gain  at  this  same  distance  between  antennas  increases  by 
a  factor  of  1.7  to  2  over  the  entire  12.5  to  100  meter  band. 

In  the  case  of  high  conductivity  ground  the  0B2  antenna  gain  is  consider* 
ably  higher  than  that  of  the  OB  antenna,  even  when  the  distance  between  an¬ 
tennas  is  on  the  order  of  a  few  meters,  so  both  wire1*  can  be  auspended  on 
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convnon  supports.  Obviously,  the  directive  gains  of  both  antennas  will  be 
approximately  the  same  in  this  case. 

It  is  also  possible  to  use  a  multiple  antenna  comprising  two  and  more 
0B2  antennas  installed  in  tandem  and  interconnected  through  linear  phase 
shifters  (fig.  XV. 6.2). 


Figure  XV.6.2.  Schematic  diagram  of  a  multiple  30B2  antenna. 

A  -  to  phase  shifter. 

#XV.7.  OB  Antenna  Design 

The  OB  antenna  is  usually  made  of  copper  or  bimetallic  wire  2  to  4  mm  in 
diameter.  Antenna  suspension  height  is  2.5  to  5  meters.  The  terminating 
resistor  is  selected  according  to  wire  diameter,  ground  conductivity,  and 
wavelength.  Since  the  OB  antenna  usually  works  a  broad  band  of  waves  it  i a 
desirable,  in  practice,  to  select  the  terminating  resistance  equal  to  the 
characteristic  impedance  of  the  antenna  at  the  center  wave  in  the  particular 
band  (formula  XV. 2. 6).  Characteristic  impedance  is  ~  500  ohms. 

The  antenna  is  usually  suspended  on  wooden  supports.  Distance  between 
supports  is  on  the  order  of  20  meters. 

The  ground  system  for  the  terminating  resistor  is  made  of  10  to  15 
radially  spaced  copper  wires  ~  10  meters  long,  buried  at  a  depth  of  20  to 
30  cm.  The  diameter  of  the  wire  used  for  the  ground  system  is  2  to  3  mm. 

Direct  connection  of  the  OB  antenna  to  the  receiver  is  pensissible  when 
the  antenna  is  located  near  the  service  building.  However,  as  a  rule  the  an** 
tennas  used  at  radio  receiving  centers  are  usually  a  long  way  from  the  service 
building.  In  such  case  the  OB  antenna  is  connected  to  the  receiver  by  a 
four-wire  standard  aerial  feeder. 


Figure  XV.7.1.  Schematic  diagram  of  a  transformer  for  making  the 
transisiton  from  a  four-wire  feeder  (A)  to  OB 
antenna. 

A  -  to  OB  antenna. 
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Since  the  OB  antenna  is  on  unbalanced  system  it  is  connected  to  the 
feeder  through  a  conversion  transformer  (fig.  XV. 7. l).  The  methodology 
used  to  calculate  the  elements  of  the  conversion  transformer  was  given  in 
Chapter  XIX. 

The  connection  oX  the  single  antenna  of  the  0B2  ante'uia  can  be  made 
using  a  twin  feeder  with  a  characteristic  impedance  of  ~  400  ohms  (fig.  XV.6.1). 
The  trunk  feeder  is  a  standard  feeder  with' a  characteristic  impedance  of 
208  ohms. 
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Chapter  XVI 

ANTENNAS  WITH  CONSTANT  BEAM  WIDTH  OVER  A  BROAD  WAVEBAND.  ANTENNAS 
WITH  A  LOGARITHMIC  PERIODIC  STRUCTURE.  OTHER  POSSIBLE  TYPES  OF 
_  ANTENNAS  WITH  CONSTANT  BEAM  WIDTH 


#XVI.  General  Remarks.  Antennas  with  a  Logarithmic  Periodic  Structure 

The  directional  properties  of  the  Multiple tuned  shortwave  antennas 
(rhombic  antonnas,  traveling  wave  Antennas,  and  others)  in  use  until  very 
recently  undergo  substantial  change  with  change  in  wavelength.  The  width  of 
the  patterns  in  the  horizontal  and  vertical  planes  usually  narrows  with 
shortening  of  the  wavelength. 

There  are  individual  cases  when  it  is  necessary  to  have  antemas  with 
constant  beam  widths  over  a  broad  waveband.  This  xs  necessary,  in  particular, 
in  radio  broadcasting  where  a  predetermined  area  mast  be  illuminated  on  all 
operating  waves.  Antennas  such  as  these  must  also  ensure  a  good  match  with 
the  supply  feeder  in  the  specific  waveband. 

One  of  the  types  of  antennas  with  these  properties  is  the  antenna  with 
a  logarithmic  periodic  structure.  Henceforth,  for  brevity's  sake,  we  will 
call  this  type  of  antenna  the  logarithmic  antenna.  They  are  distinguished  by 
the  wide  band  over  which  they  can  be  used,  tenfold,  and  more.  The  dependence 
of  the  space  radiation  pattern  on  the  wavelength  is  very  nominal  within  the 
limits  of  the  operating  band. 

Logarithmic  antennas  were  used  initially  in  the  ultrashort  wave  region, 
but  have  recently  come  into  use  in  the  shortwave  region  as  well.  Logarithmic 
antennas  are  not  yet  adequately  researched  and  there  are  no  final,  agreed 
designs.  This  is  particularly  true  of  logarithmic  antennas  used  on  short 
waves.  Considerable  difficulty  is  still  encountered  in  setting  up  methods 
for  making  the  engineering  computations  required  for  logarithmic  antennas* 

The  basic  data  cited  in  the  technical  literature  on  the  subject  have  been 
obtained  experimentally. 

Attention  here  will  be  given  primarily  to  variants  cf  logarithmic 
antennas j  the  designs  of  which  have  won  the  greatest  acceptance  in  the 
shortwave  region. 

#XVI.2.  Schematic  and  Operating  Principle  of  the  Logarithmic  Antenna 

The  schematic  of  the  logarithmic  antenna  is  shown  in  Figure  XVI .2.1a* 

The  antenna  consists  of  two  identical  sections,  I  and  II*  Section  II  can 
be  formed  by  rotating  section  I  l80*  around  the  axis  normal  to  the  plane 
of  the  figure  and  passing  through  the  antenna  supply  point*  .The  radiating 
elements  are  variable  length  teeth  that  are  circles  bent  along  an  arc* 


I 
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These  teeth  will  henceforth  be  called  the  dipoles.  The  circular  sections 
from  which  the  dipoles  branch  play  the  part  of  the  distribution  lines.  These 
lines  simultaneously  radiate  a  srall  part  of  the  energy  they  transmit. 


Figure  XVI. 2.1.  Parameters  and  coordinates  of  th«'  system  for 
structures  with  round  teeth. 


;.=  I3S»;?=45* 
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Characteristic  paroraetere  of  the  logarithmic  antenna  are  the  magnitudes 


T  and  ct,  as  well  as  angles  and  81*  The  relationship 


is  called  the  magnitude  of  T.  Here  Rjj  is  the  distance  from  the  point  of 
supply  to  the  NU>  dipole,  reading  from  the  dipole  of  maximum  length. 

When  values  are  assigned  to  a ^  and  31  the  magnitude  of  t  is  characterized 
by  the  distance  between  adjacent  dipoles,  t  *»  0.5  for  the  antenna  shown  in 
Figure  XVI. 2.1.  The  magnitude  of  <7  is  characterized  by  the  thickness  of  the 
radiating  dipoles,  and  eq"als 


where  " 

r^  and  are  the  minimum  and  maximum  distances  of  the  NH>  dipole  from 
the  point  of  supply  for  the  antenna.  . 

The  constancy  of  the  magnitudes  of  t  and  a  (the  constancy  of  the  ratios 
of  lengths  and  thicknesses  of  adjacent  dipoles)  itself  defines  the  name  of 
the  antenna;  an  antenna  with  logarithmically  periodic  structure. 

When  sections  I  and  II  are  located  in  the  same  plane,  as  shown  in 
Figure  XVI. 2. la,  the  antenna's  radiation  pattern  has  two  identical  lobes  in 
the  positive  and  negative  directions  of  axis  1-1.  If,  only  one  section  of  the 
antenna  is  energized  in  some  fashion  the  antenna  will  bars  a  unidirectional 
pattern.  The  antenna  will  also  become  unidirectional  when  sections  I  and  XI 
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are  positioned  at  some  angle  if  to  each  other  (fig.  XVI. 2. lb).  Maximum  radia¬ 
tion  will  be  obtained  in  the  direction  characterized  by  the  angles  <p  »  9  *  90* , 
that  is,  in  the  direction  of  the  y  axis  passing  through  the  bisector  of 
angle  f . 

The  antenna  dipoles  need  not  necessarily  be  a  circular  bend.  The  antenna 
will  retain  its  properties  quite  well  even  when  the  dipoles  are  trapezoidal 
(fig.  XVI. 2. 2).  Research  on  the  logarithmic  antenna  has  also  revealed  that 
the  directional  properties  of  the  antenna  do  not  change  appreciably  when  it 
is  made  of  continuous  metal  sheets,  or  of  wire  following  the  outline  (wire 
logarithmic  antenna),  as  shown  in  Figure  XVI. 2.3a. 

The  distribution  lines  are  made  up  of  three  wires,  but  can  be  made  of 
one  wire  as  well  (fig.  XVI. 2. 3b). 


A  further  design  simplification  can  be  arrived  at  by  replacing  the 
trapezoidal  dipoles  by  triangular  ones  (zigzag  structure),  as  shown  in 

r 

Figure  XVI. 2. 4.  Antenna  variants  with  dipoles  made  of  .a  single  wire  (fig. 

XVI. 2. 5)  have  also  been  investigated. 

Angle  if  can  change  over  broad  limits. 

V.  0.  Kuznetsov  and  V.  K.  Paramonov  have  suggested  taking  f  ■  0  (fig. 

XVI. 2.6)  in  order  to  simplify  antenna  design.  When  f  «■  0,  the  antenna  will  be 
positioned  in  one  plane. 

The  logarithmic  antenna  As  differentiated  by  the  high  constancy  of  the 
input  impedance.  The  traveling  wave  ratio  is  at  least  0.5  to  0.7  when  the 
characteristic  impedence  of  the  feed  line  is  selected  accordingly. 
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So  far  am  principle  of  operation  is  concerned,  the  logarithmic  antenna 
reminds  one  of  a  director  antenna  consisting  of  one  driven  element,  one  director, 
and  one  reflector  (fig.  XVI. 2. 7).  ‘ 


Figure  XVI. 2. 7.  Schematic  diagram  of  a  director  antenna. 

A  -  reflectorj  B  -  driven  element?  C  *>  director. 

As  is  known1,  the  normal  operating  mode  for  the  director  antenna  occurs 
when  the  dipole  acting  as  the  reflector  has  a  reactive  component  of  tlie  input 
resistance  that  is  inductive  in  nature,  while  the  dipole  acting  as  the 
director  has  a  reactive  component  of  the  input  resistance  that  is  capacitive 
in  nature.  In  the  director  antenna  this  is  arrived  at  because  the  length 
of  the  reflector  is  somewhat  longer  than  the  resonant  length  (the  electrical 
length  of  the  dipole,  2t,  is 'somewhat  longer  than  x/2) ,  while  the  director 
has  a  length  shorter  than  the  resonant  length  (the  electrical  length  of  the 
dipole,  21,  is  somewhat  shorter  than  X/2).  In  the  case  of  these  dipoles, 
as  analysis  using  the  induced  emfs  method  demonstrates,  the  current  flowing 
in  the  reflector  leads  the  current  flowing  in  the  driven  element,  while  the 
current  floying  in  the  director  lags  the  current  flowing  in  the  driven  ele¬ 
ment.  This  phase  relationship  between  the  currents  flowing  in  the  driven 
element,  the  reflector,  and  the  director,  provides  intense  radiation  in  the 
direction  r^  (fig.  XVI. 2. 7).  In  point  of  fact,  if  the  point  of  recaption  is 
in  direction  r^,  because  of  the  difference  in  the  path  of  the  beans,  the 
intensity  of  the  field  created  by  the  reflector  lags  the  intensity  of  the 
field  created  by  the  dirven  element,  while  that  created  by  the  director  leads 
this  field.  These  phase  displacements  compensate  for  the  fact  that  the 
current  flowing  in  the  reflector  leads  the  current  flowing  in  the  driven 
.element,  while  the  current  flowing  in  the  director  lags  the  currant  flowing 
in  the  driven  element. 

Let  us  turn  our  attention  to  the  schematic  diagram  shown  in  Figure 
XVI. 2. 6.  The  mutual  arrangement  of  the  three  adjacent  dipoles,  3,  4,  Mid  5, 
for  example,  is  characteristic. of  the  director  antenna.  If  the  antaona  is 


1.  See  G.  Z.  Ay sen  berg,  Ultrashort  Vave  Antennas.  Svyas'isdat,  1957* 
Chapter  XXIV,  #1. 
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excited  by  a  wave  for  which  dipols  4  has  been  tuned  to  resonance,  we  have 
the  same  result  as  in  the  case  of  the  director  antenna,  and  dipole  3  has  a 
length  greater  than  the  resonant  length,  and  dipole  5  has  a  length  less  than 
the  resonant  length.  This  ensures  the  induction,  thanks  to  the  space  coupling, 
of  a  current  in  dipole  3  that  leads  the  current  in  dipole  4,  and  in  dipole  5 
a  current  which  lags  the  current  in  dipole  4.  This  relationship  between  the 
phases  provides  maximum  radiation  in  the  y  direction  (fig.  XVI.2.6).  In  the 
case  of  the  logarithmic  antenna  there  is  a  coupling  through  the  twin  distri¬ 
bution  line,  in  addition  to  the  space  coupling.  However,  this  coupling  also 
ensures  a  lag  between  the  currents  flowing  in  dipoles  3,  4,  and  5  favorable 
for  the  creation  of  maximum  radiation  in  the  y  direction.  In  point  of  fact, 
the  current  flowing  in  dipole  3  lags  the  current  flowing  in  dipole  4  because 
of  the  passage  along  the  line  over  an  additional  path  equal  to  the  distance 
between  these  dipoles.  The  additional  lag  of  the  current  flowing  in  dipole  3 
relative  to  that  in  dipole  4  is  the  result  of  dipole  3  being  longer  than 
dipole  4  and,  accordingly,  having  a  positive  reactive  resistance.  Moreover* 
tho  arms  of  dipole  3  Are  connected  to  the  opposite  wires  of  the  twin  line 
as  compared  with  the  identical  arms  of  dipole  4.  This  results  in  a  phase  Iso 
in  the  currents  flowing  in  these  dipoles  of  180°.  /These  factors  are  what 
cause  the  current  flowing  in  dipole  3  to  lead  that  flowing  in  dipole  4  by  a 
good  margin.  Similarly,  the  coupling  through  the  distribution  feeder  pro¬ 
vides  for  the  lag  of  the  current  flowing  in  dipole  5  relative  to  the  current 
flowing  in  dipole  4.  These  considerations  demonstrate  that  a  group  made  up 
of  the  three  dipoles,  3,  4,  and  5,  are  identical  to  the  director  antenna,  in- 
aofar  as  their  mutual  positioning  and  current  phase  relationships,  established 
by  the  apace  coupling  and  the  twin  distribution  line,  are  concerned. 

The  actual  relationship  between  the  phases  of  the  currents  flowing  in 
the  dipoles  is  complicated  by  the  effect  of  dipoles  located  in  front  of 
dipole  5  and  behind  dipole  3.  However,  the  practical  effect  of  these  dipoles 
is  slight.  The  fact  is  the  dipoles  located  ahead  of  dipole  5  are  extremely 
short  as  compared  with  the  working  wave  to  which  dipole  4  resonates.  On  the 
wave  for  which  dipole  4  has  a  resonant  length  these  dipoles  have  a  high 
negative  reactive  resistance  and  the  currents  which  branch  in  them  are 
small.  The  currents  flowing  in  the  dipoles  behind  dipole  3  are  also  low 
because  the  resonant  dipole,  4,  and  dipoles  5  and  3  which  nave  lengths  close 
to  resonant,  dr«w  almost  all  the  energy.  Accordingly,  on  a  wave  for  which 
dipole  4  is  resonant,  and  in  some  band  adjacent  to  this  wave,  ttie  radiated 
field  is  determined  by  dipoles  3,  4,  and  5,  for  the  most  part. 

If  the  wave  is  lengthened  to  the  point  that  dipole  3  is  resonant,  the 
energy  will  be  concentrated  in  dipoles  2,  3,  and  4,  for  the  most  part.  Farther 
lengthening  of  the  working  wave  will  cause  dipoles  1,  2,  and  3  to  cone  into 
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play.  And  when  the  working  wave  ia  shortened  the  energy  will  begin  to  con¬ 
centrate  in  the  shorter  dipoles. 

This  picture  of  how  the  logarithmic  antenna  functions  holds,  basically, 
if  angle  f  is  different  fro*  zero.  For  larger  values  of  the  space  coupling 
between  the  dipoles  will  be  reduced,  naturally  enough,  because  of  the  in¬ 
crease  in  the  distance  between  the  dipoles.  And  the  role  of  the  distribution 
line  in  setting  up  a  definite  relationship  between  the  phases  of  the  currents 
flcwing  in  the  dipoles  will  increase.  Moreover,  radiatiri  Cron  the  distribu¬ 
tion  lines  will  begin  to  play  a  definite  role  with  increase  in  f. 

Moreover,  if  the  radiation  from  the  dipoles  creates  what  is  prisarily 

a  component  of  the  £  field  (normal  component)  (fig.  XVI. 2. 2),  radiation 
9 

from  the  distribution  feeders  creates  what  is  primarily  a  coapoi  lent  of  the 
E  field  (parallel  component).  Increase  in  angle  f  will  be  accompanied  by 
a  narrowing  of  the  pattern  in  the  H  plane  (the  zy  plane). 

This  discussion  of  the  ant “ima *  s  operating  principle  demonstrates  that 

the  longest  operating  wave  should  be  somewhat  shorter  than  *nd  the 

shortest  operating  wave  should  be  somewhat  longer  than  41^^  ^*iong  ***** 

t  .  are  the  lengths  of  the  arms  of  the  longest  and  shortest  dipoles) • 
short 

This  can  be  confirmed  by  experimental  investigations. . 

The  operating  band  can  be  as  wide  as  desired  when  the  antenna  is  built 
as  described.  Investigation  has  demonstrated,  however,  that  if  the  antenna 
contains  dipoles  the  arms  of  which  pick  up  two  and  more  waves,  these  dipoles 
will  cause  a  substantial  deteriorotion  in  directional  properties.  This 
fact,  together  with  the  fact  that  the  shortest  operating  wave  is  approximately 
equal  to  4  to  5  tshort  as  indicated  above  (that  is,  1 ahort^ short  **  0,2  *° 
leads  to  practical  difficulties  in  using  the  antenna  if  the  band  is  more  than 
tenfold. 

From  the  data  presented,  it  follows  that  at  small  angles  or^  and  the 
corresponding  increased  values  of  T  (smaller  difference  in  the  lengths  of 
adjacent  dipoles)  a  substantial  role  in  antenna  operation  begins  to  devolve 
on  the  dipoles  located  closest  to  the  three  main  dipoles,  in  front  and  in 
back  of  them,  and  that  this  should  naturally  result  in  some  increase  in  an¬ 
tenna  effectiveness.  And  this  is  what  does  in  fact  take  place.  It  should  be 
borne  in  mind,  however,  that  a  reduction  in  in  the  specified  operating  band 
requires  a  substantial  increase  in  the  overall  length  of  the  antenna. 

The  band  in  which  the ’antenna  can  be  used  is  not  onLy  determined  by  its 
directional  properties,  but  also  by  its  match  to  the  feeder  line.  As  was 
pointed  out  above,  the  logarithmic  antenna  too  has  a  good  match  to  the  feeder 
.line  within  the  limits  of  the  band  determined  by  its  directional  properties. 

The  wave  propagated  on  the  distribution  line  is  only  slightly  reflected  from 
the  short  dipoles  located  between  the  point  of  feed  and  the  dipoles* s  radiation 
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on  the  given  wave.  Short  dipoles  have  a  high  capacitive  resistance,  and 
only  comparative  weak  currents  branch  out  into  them. 

The  main  load  on  the  distribution  wires  is  created  by  some  of  the  dipoles 
with  lengths  close  to  resonant  length.  These  dipoles  t .  active  components 
of  the  input  resistance  of  changing  sign.  A  dipole,  the  length  of  which  is 
longer  than  resonant,  has  a  positive  reactive  resistance,  while  a  dipole 
with  a  length  shorter  than  resonant  has  a  negative  reactive  component  of  the 
input  resistance.  At  .the  same  time,  these  dipoles  are  displaced  with  respect 
to  each  other  by  a  distance  close  to  X/2<  This  results  in  tho  establishment 
of  a  condition  leading  to  substantial  mutual  compensation  for  roilected 
waves. 

Dipoles  located  further  from  the  generator  than  the  radiating  dipoles 
are  extremely  poor  reflectors  of  energy,  practically  speaking,  becaura  the 
energy  is  absorbed  by  the  main,  operating  dipoles,  for  the  most  part.  The 
characteristic  impedance  of  the  distribution  line  along  the  section  from  the 
generator  to  the  operating  dipoles  is  very  low,  and  is  explained  by  the  fapj^ 
that  the  dipoles  connected  into  this  section  have  a  negative  (capacitive) 
reactance,  causing  an  increase  in  the  distribution  capacitance  of  the  line 
similar  to  that  occurring  on  the  traveling  w p./e  antenna  when  the  lengths 
of  the  dipole  arms  are  shorter  than  l/4.  The  considerable  increase  in  the 
distributed  capacitance  created  by  the  short  dipoles  leads  to  a  reduction  in 
the  characteristic  impedance  to  a  magnitude  on  the  order  of  100  ohms. 

A  characteristic  impedance  such  as  this  will  match  satisfactorily  with 
the  pure  input  resistance  of  a  line  with  dipoles  of  a  length  close  to 
resonant. 

If  the  feedn  line  has  a  characteristic  impedance  close  to  that  of  the 
distribution  line,  the  traveling  wave  ratio  on  the  line  will  be  high  enough 
and  will  change  little  in  the  operating  wave  band. 


#XVI. 3.  Results  of  Experimental  Investigation  of  the  Logarithmic 
Antenna  on  Models 


Figure  XVI. 3.1  shows  a  series  of  experimental  radiation  patterns  in 
the  principal  E  plane  (xy  plane)  and  the  principal  H  plane  (zy  plane)  of  a 
logarithmic  antenna  with  trapezoidal  dipoles  with  the  following  parameters: 
c*  »  75°;  T  =  0.5;  p.  =0  (the  distribution  line  for  each  hall  of  the  antenna 
consists  of  one  wire  of  identical  cross  section),  and  f  *  45*.  The  auucimum 
length  of  a  dipcle  is  approximately  L  tan  q^/2,  where  L  is  the  length  of  the 
antenna,  measured  from  the  apex  (point  of  supply)  to  the  end  of  the  distribu¬ 
tion  lire.  The  model  used  to  produce  tho  series  of  patterns  in  Figure  XVI. 3.1 
had  a  length  i.  -  12.75  cm.  Maximum  length  of  the  dipole  equals  12.75  tan 
37^jO •  M  9*6  cm.  Correspondingly,  the  longest  operating  w eve  was  approximately 
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Figure  XVI.3.1.  Experimental  radiation  patterns  of  a  non-flat 

top  wire  structure  with  trapezoidal  dipoles.  Distance  \ 
from  apex  to  the  last  element  is  12.75  cm.  Antenna 
elements  made  of  0.8  mm  diameter  wire. 

A  -  principal  E  plana;  B  -  principal  H  plane; 

C  -  frequencies  in  megahertz  (mh) . 


equal  to  35  cm  (f  -  857  mh).  Eight  dipoles  were  included  in  each  antenna 
section.  The  diagrams  should  repeat  every  half-cycle,  because  each  half¬ 
cycle  has  its  own  resonant  dipole  (resonant  tooth).  Since  T  *  0.5,  a  cycle 
covers  the  bands  35  to  17.5  cm,  17.5  to  8.75  cm,  8.75  to  4.375  cm,  and 
4.375  to  2.187  cm. 

Since,  as  was  pointed  out  above,  the  shortest  wave  is  approximately 

equal  to  0.1  the  longest  wave,  x  ,  .  is  approximately  equal  to  3*5  cm.  The 

snort 

experimental  diagrams  in  Figure  XVI. 3. 1  are  for  frequencies  corresponding  to 
one  half  of  the  cycle  for  17«5  to  35  cm  (857.2  to  1714  mh).  The  diagrams 
will  be  repeated  accurately  enough  at  frequencies  aqual  to  those  shown  in 
the  figure,  multipled  by  r*1*2  (in  a  half-cycle),  where  n  is  an  integer, 
within  the  limits  of  those  n  values  that  correspond  to  the  3*5  to  35  cm 
band. 

As  will  be  seen  from  the  patterns,  the  E  component  is  extremely  small 

compared  to  the  E  component,  indicating  *  hat  distribution  line  radiation  is 

9 


not  high.  Maximum  radiation  is  in  the  directions  cp  =  0  and  0=0,  that 
is,  in  the  direction  of  the  semi-axis  y. 

Figure  XVI. 3. 2  shows  a  scries  of  experimental  radiation  patterns  of  a 
logarithmic  antenna  with  trianglular  dipoles  (zigzag  structure).  The  values 
of  t  and  ^  are  the  same  as  those  in  the  preceding  case.  The  patterns 
in  Figure  XVI. 3. 3  were  obtained  for  an  antenna  with  the  following  data! 

«  14.5°;  a  05  t  =  0,35  and  =  290r  The  overall  view  of  the  experi¬ 
mental  model  of  this  antenna  is  shown  in  Figure  XVI. 3. 4.  In  this  case  a 
half-cycle  encompasses  the  waveband  in  which  the  ratio  of  the  longest  to 
the  shortest  wave  equals  Ifo. 85 0.92. 
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Figure  XVI. 3. 2.  Experimental  radiation  patterns  of  a  wire  antenna 
with  triangular  dipoles  (zigzag  structure). 

A  -  principal  E  plane;  B  -  principal  K  plane; 

C  -  frequencies  in  megahertz  (rah). 

The  patterns  in  Figure  XVI. 3. 3  correspond  to  a  half-cycle.  Approxi¬ 
mately  these  same  patterns  are  obtained  in  the  tenfold  bond,  beginning  at 
waves  approximately  equal  to  4L  tan  q^/2,  and  ending  at  waves  equal  to 
0.4L  tan  <yj/2.  So,  in  accordance  with  the  above  explanation,  in  this  esse, 
becauje  of  the  reduction  in  and  the  increase  in  t,  the  three  main  dipoles 
play  an  active  part,  just  as  do  those  nearest  to  them,  and  patterns  obtained 
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are  narrower.  The  antenna  gain  factor  for  the  antenna  shown  in  Figure 
XVI.3.4  is  approximately  10. 
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Figure  XVI. 3. 3.  Experimental  radiation  patterns  of  the  antenna 
shown  in  Figure  XVI ,3. 4, 

A  -  principal  E  plane;  B  -  principal  H  plane; 

C  -  frequencies  in  megahertz  (mh). 


Figure  XVI.3.4.  Hire  antenna  with  trapezoidal  dipoles.  Antenna 
length  2X  at  a  frequency  of  1000  mh. 

A  -  dielectric  rod. 


Table  XVI. 3. 1  lists  some  of  the  collated  data  obtained  experimentally 

on  models  of  different  variants  of  a  logarithmic  wire  antenna  with 

trapezoidal  dipoles.  The  table  was  compiled  for  3^  =0. 

Table  XVI. 3. 2  lists  the  results  of  investig  .  r>ns  of  the  characteristic 

impedance  of  tne  antenna,  W  ,  and  the  rinimum  vai  ■••a  of  the  traveling  wave 

a 

ratio,  k,  on  the  feed  line.  As  win  be  seen,  en  i.  crease  in  angle  ^  results 

in  an  increase  in  the  characteristic  impedance  of  the  antenna  and  an  improve- 

merit  in' the  match  with  the  supply  line.  The  traveling  wave  ratio  values 

are  for  the  case  when  the  characteristic  impedance  of  tho  feed  line  equals 

V  . 
a 

Figure  XVI. 3.5  shows  the  radiation  patterns  of  an  antenna  with  dipoles 
located  in  the  same  plane  (f  **  0).  Values  of  a ^  end  t  are  as  shown  in  the 
figure. 
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Table  XVI. 3.1 
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Key:  A  -  specimen  sequence  number;  B  -  parameters;  C  -  average  width 
of  pattern  in  degrees  (at  half  power);  D  -  principal  E  plane; 

E  -  principal  H  plane;  F  -  approximate  gain  factor  equated  to  a 
half-wave  dipole,  db;  G  -  level  of  side  lobes,  db. 


Table  XVI. 3. 2 
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Figure  XVI. 3. 6  shows  the  patterns  of  a  bidirectional  flat  top  antenna 

(f  -  180°). 

We  note  that  all  the  data  presented  in  this  section  were  obtained 
Without  regard  for  the  effect  the  ground  has  on  the  radiation  pattern  and 
the  gain  factor. 
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Figure  XVI. 3. 5.  Experimental  radiation  patterns  for  a  flat  top  (|«0) 
•  logarithmic  antenna. 

A  -  principal  E  plane;  B  -  principal  H  plane* 


Figure  XV 1.3.6.  Experimental  radiation  patterns  for  a  flat  top  logarithaic 
antenna  (y  =  l80°)  with  trapezoidal  dipoles. 

A  -  principal  E  plane;  B  -  principal  H  plane; 

C  -  frequencies  in  megahertz  (ah). 
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suCVX . 4 .  The  Use  of  Logarithmic  Antennas  in  the  Shortwave  Field 

Logarithmic  antennas  are,  obviously,  finding  application  in  the  shortwave 
field,  particularly  in  radio  broadcasting. 

The  flat  top,  =  0),  aa  well  as  the  non-flat  top  variants  of  the 
logarithmic  antenna  can  be  used  on  these  waves.  The  advantage  of  the  flat 
top  version  is  its  design  simplicity,  as  well  as  the  virtually  complete 
lack  of  antenna  effect  from  the  distribution  feeders.  The  advantege  of  the 
space  antenna  /  0)  is  a  higher  directive  gain,  the  result  of  the  narrowing 
of  the  radiation  pattern  in  the  principal  H  plane.  The  space  antenna  has 
two  tiers,  the  flat  top,  one.  An  additional  advantage  of  the  space  antenna 
is  e.  somewhat  higher  traveling  wave  ratio  on  the  feeder  line  (see  Table 
XVI. 3. 2;  the  increase  in  angle  is  accompanied  by  an  increase  in  the  traveling 
wave  ratio).  Moreover,  the  space  antenna  has  a  higher  characteristic  im¬ 
pedance,  making  it  easier  to  match  it  to  a  balanced  feeder  line. 

The  non-flat  top  logarithmic  antenna  can  be  suspended  on  supports  so 
the  bisector  of  angle  ^  is  horizontal  (fig.  XVI. 4.1).  In  this  case 
the  radiation  pattern  in  the  vertical  plane  can  be  charted  through  the 
formula 


F(&)=  ft  (A)  sin  (a H  sin  A),  •  (XVI.4.1) 

where 

f^(^)  is  a  function  describing  the  radiation  pattern  in  the  principal 
H  plane  of  the  antenna  in  free  space.  This  function  can  be 
established  experimentally) 

H  is  the  height  of  the  bisector  of  angle  f  above  the  ground)  one 
factor  sin (a  H  sin  a)  takes  the  effect  of  the  ground  into  con¬ 
sideration. 


1 

i 


i 

i 


Muatj>a**a 

»anpa£/icnrtociM 


fiac  nptlejnitW>ti<Hr 

/ 1UHUU  jj 


Figure  XVI.4.1.  A  logarithmic  non-flat  top  antenna  (f  ^  9).  The 
bisector  of  angle  ijr  is  parallel  to  the  earth's 
surface.  Dipoles  not  shown. 

A  -  radiation  pattern)  B  -  distribution  lines. 


There  is  a  good  deal  of  dependence  of  the  radiation  pattern  in  the  vertical 
plane  on  the  wavelength  when  the  antenna  bisector  is  oriented  horizontally. 
Lengthening  the  waves  expands  the  radiation  pattern  and  increases  the  angle 

S'. 

of .maximum  radiation. 
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Figure  XVI .4.2  shows  a  series  of  radiation  patterns  in  the  vertical 
plane,  charted  through  voraula  XVI. 4.1.  And  the  function  f^(A/  was 
established  with  respect  to  the  experimental  pattern  in  the  principal  H 
plane  shown  in  Figure  XVI. 3.3.  The  height  of  H  was  taken  as  equal  to 

°-75  w 

If  the  antenna  is  to  have  a  fixed  radiation  pattern  in  the  vertical  plane 
the  antenna  must  be  suspended  and  tilted  such  that  the  shortest  dipoles, 
working  on  the  shortest  waves,  are  closest  to  the  grouno  (figs.  XVI.4.3  and 
XV 1.4.4).  With  the  proper  selection  of  the  angles  of  tilt,  f  and  f2, 
both  sections  of  the  antenna  (fig.  XVI. 4. 4)  and  the  Magnitudes  of  t  and  <y^ 
can  provide  an  operating  mode  3uch  that  the  radiation  pattern  in  the  vertical 
plane  will  have  the  necessary  shape  and  will  remain  the  sane  over  the 
entire  bond.  Different  combinations  of  the  magnitudes  of  ^  and  f 2  and  T 
are  possible  for  which  the  maximum  radiation  in  the  vertical  plane  will 
occur  at  the  specified  angle  of  tilt.  Elementary  considerations  demonstrate 
that  to  provide  maximum  radiation  at  a  specified  angle  of  tilt  requires  the 
currents  in  section  I  of  the  antenna  (fig.  XVI. 4. 4)  to  lead  the  currents 
flowing  in  the  corresponding  dipoles  in  section  II  of  the  antenna  by  some 
angle  y.  The  phase  angle  y  should  compensate  for  the  difference  in  the 
path  of  the  beams  of  identical  elements  in  sections  I  and  II  of  the  antenna 
in  the  direction  of  maximum  radiation  (Aq). 

The  radiation  pattern  of  a  tilted  logarithmic  antenna  can  be  expressed 
through  the  formula 


£-4  [/(Mi) e'[T_w <co* ♦*-“* ♦•>“•*>+/ (A.  *.)]. 


(XVI. 4. 2) 


where 


ffA and  f(A,f2^  are  radiation  patterns  of  sections  I  and  II,  with 
their  mirror  images  taken  into  cor '.'deration. 

The  factor  when  f (A,f^ )  takes  into  consideration  the  phase  angle  between 
the  fields  of  the  identical  elements  in  sections  I  and  II  of  the  antenna, 
determined  by  the  difference  in  the  path  of  the  beams  and  the  phase  angle  y. 
The  difference  in  the  path  equals  ^d(cos  *  -  cos  *  )cos  A»  where 

d  is  the  distance  from  the  antenna  origin  (supply  point)  to  the 
excited  element  (fig.  XVI. 4. 4). 

The  function  f(A,(r^)  can  be  expressed  as  follows: 


where 


/ (A,  v,)  -  f,  (A)  e,w +**'"  *  -  /*( A) e-*w  sin+lfln\  (XVI.4.3 ) 

3 

f  (A)  is  a  function  expressing  the  radiation  pattern  of  section  I 
(without  the  effect  of  the  ground  taken  into  consideration) > 
f,  (a)  is  a  function  expressing  the  radiation  pattern  of  the  mirror 
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image  of  section  I. 
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diation  patterns  in  the  vertical  plane  of 
non-flat  top  logarithmic  antenna.  The  bi- 
ctor  of  angle  f  is  parallel  to  the  earth's 
rface. 
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Figure  XVI. 4.4.  Schematic  representation  of  a  tilted  non-flat 
top  logarithmic  antenna. 

A  -  radiation  patterns  of  sections  I  and  II  of 
the  antenna;  B  -  direction  of  maximum  radiation; 
C  -  mirror  image  of  the  antenna. 


The  radiation  patterns  described  by  expression^  f^(A)  and  f^  Ji A)  are 

the  same,  but  turned  by  an  angle  2^ ,  with  respect  to  each  other.  The 

fetor.  oM.inh.ioa  „„  e-i.d.i»tl.ina  llk,  toto  th. 

angle  between  the  fields  created  by  section  I  of  the  antenna  and  its  mirror 
image.  The  phase  angle  can  be  read  relative  to  the  phase  center  (point  0 
in  fig.  XVI. 4.4).  * 

The  function  f(A,*2>  can  be  expressed  in  a  manner  similar  to  that  used 
to  express  f(A,^j),  but  ^  is  replaced  by  ^  . 

The  expression  for  f^(A),  or  the  corresponding  expression  for  element 
II,  can  be  established  experimentally.  Specifically,  this  can  be  done  by 
moving  the  radiation  pattern  in  the  principal  H  plane  of  a  flat  top  antenna 
by  an  angle  f  =  l8o#.  The  pattern  thus  obtained  is  bidirectional,  but  (.ach 
half  of  this  pattern  makes  it  possible  to  judge  the  nature  of  f(A)  within 
the  limits  of  the  major  lobe. 

Figure  XVI. 4. 5  shows  a  series  of  curves  that  characterise  the  width 
of  the  radiation  patxem  in  the  principal  H  plane  and  in  the  principal  E 
plane  of  one  section  of  the  antenna  in  accordance  with  angle  for  different 
values  of  t.  As  will  be  seen  from  the  curves,  by  selecting  the  corresponding 
values  of  «x  and  t,  it  is  possible  to  change  the  width  of  the  pattern  in 
the  principal  H  plane  over  broad  limits  for  comparatively  small  changes  in 
the  width  of  the  pattern  in  the  principal  E  plane. 
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Figure  XVI. 4. 5.  Curves  depicting  the  width  of  the  pattern  of  one 
section  of  the  antenna  (I  or  II)  in  the  principal 
E  and  H  planes  (without  ground  effect  taken  into 
consi derat ion ) . 

A  -  pattern  width;  B  -  principal  H  plane;  C  - 
principal  E  plane). 


We  will  not  pause  here  to  discuss  the  methods  used  in  selecting  the 
magnitudes  of  o^,  t,  L,  f  and  f2,  but  will  limit  ourselves  instead  to 
citing  the  results  of  computations  and  the  experimental  data  for  a  series 
of  antennas  that  provide  maximum  radiation  at  specified  angles  of  tilt. 
The  computations  revealed  the  desirability  of  establishing  ths  dependence 
between  the  magnitudes  of  t  and  shown  in  Table  XVI.4.1.1 


Tabl<»  XVI.4.1 


X 

0,83 

10*. 

0,8 

u* 

0,75 

19*;  24*;  30* 

.0.65 

37*;  45* 

1*  Cm.  R.  H.  Du  Hamel  and  D.  C.  Berry.  "A  new  concept  in  high  frequency 
antenna  design."  I.R.E.  National  Convent.  Rec.  P.  I.  V.  7.  March  1959 
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Established  as  a  result  of  the  computations  and  the  experimental  in¬ 
vestigation  were  the  desirable  values  for  the  Magnitudes  of  t2' 

and  y  for  which  maximum  radiation  will  be  obtained  at  angles  of  tilt  of 
40*,  24°  and  16°. 

The  radiation  patterns  of  the  antennas  with  maximum  radiation  at  the 
indicated  angles  are  shown  in  figures  XVI. 4*6  through  XVI. 4. 8.  These  also 
show  the  corresponding  values  for  the  magnitudes  of  or^t  tj*  and  y*  The 
shapes  of  the  diagrams  shown  hold  for  an  approximately  tenfold  band.  A 
pattern  of  the  shape  shown  in  Figure  XVI. 4. 6  is  good  for  communications  over 
distances  between  200  and  800  km;  Figure  XVI. 4. 7  for  communications  over 
distances  between  800  and  1600  km;  and  Figure  XVI. 4.8  for  communications 
over  distances  between  1350  and  2500  ki. 


Figur*  XV'!. 4. 6.  Radiation  pattern  in  the  vertical  plane  of  a  tilted 

non-flat  top  logarithmic  antenna;  X,  -  the 

long 

longest  wave  in  the  antenna’s  band. 


Figure  XVI. 4. 7«.  Radiation  pattern  in  tbe  vertical  piano  of  a  tilted 
non-flat,  top  logarithmic  antenna;  Xjoac  -  the 

longest  wave  in  the  antenna's  band. 
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Figure  XVI. 4. 8.  Radiation  pattern  in  the  vertical  plane  of  a  tilted 
non-flat  top  logarithmic  antenna. 

The  first  pattern  corresponds  to  an  antenna  gain  of  ~  9.5  db,  the 
second  ~  12.5,  and  the  third  ~  14  db,  as  compared  with  the  half-wave 
dipole  in  free  space. 

Let  us  pause  to  consider  the  question  of  selecting  the  magnitude  of 
y.  As  was  pointed  out  above,  the  purpose  of  the  phase  angle  y  between  the 
current  flowing  in  sections  I  and  II  is  to  compensate  for  the  difference 
in  beam  paths,  equal  to  2tt<J/x  (cos*  -  cos  *„). 

The  magnitude  of  d  is  approximately  equal,  to  the  distance  from  the 
antenna  source  to  the  dipole  resonant  to  the  specified  wave.  The  d/x  rati© 
is  approximately  the  same  for  all  waves  in  the  operating  band  because  with 
lengthening  of  the  wave  will  come  an  increase  in  the  distance  from  the 
resonant  dipoles  to  the  antenna  source  (supply  point). 

The  magnitude  of  d/x  is  a  function  of  (fig.  XVI. 4.9).  Analysis 
and  experimental  investigations  reveal  that  the  magnitude  of  y  at  which  the 
difference  in  beam  paths  is  completely  compensated  for  by  C2n/X*d(cos^- 
-  cosi|r2)  =  y]  is  not  optimum.  This  is  so  in  all  cases  when  the  dipoles 
are  located  along  the  line  of  maximum  radiation.  The  optimum  value  of  y 
is  somewhat  larger  than  the  magnitude  of  2rr/x*d(cosf  j-cos^) .  It  can  be 
selected  experimentally,  or  by  computation. 

The  phase  angle  between  the  points  in  sections  I  and  II  can  change 
when  making  an  experimental  -  selection  of  the  magnitude  of  y  by  using  the 
schematic  shown  in  Figure  XVI. 4. 10.  Selecting  the  length  of  a  loop,  we  can 
provide  the  corresponding  lead  for  the  current  flowing  in  section  I  with 
respect  to  the  current  flowing  in  section  11. 

The  loop  can  be  selected  by  controlling  the  antenna  gain  factor,  or 
by  controlling  the  shape  of  the  antenna  radiation  pattern. 

The  diagram  shown  ir  Figure  XVI. 4.10  can  provide  the  necessary  value  for 
y  within  the  limits  of  a  comparatively  narrow  band,  because  the  magnitude  of 
y  ia  approximately  equal  to 
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where 

i 

1  ie  the  length  of  the  loop. 


4 


Figure  XVI. 4. 9.  Dependence  of  the  distance  of  the  phase  center 
(d)  on  angle  er^  for  a  single-element  antenna. 


Figure  XVI. 4. 10.  Schematic  diagram  of  the  phase  displacement  of 
antenna  sections  I  and  XI. 


4 


The  magnitude  of  y  change  '  with  change  in  the  wavelength.  The  diagram 
in  Figure  XVI. 4. 10  can  be  used  to  achieve  the  optimum  regime  on  the  center 
wave  in  the  band,  so  that  satisfactory,  but  not  optimum,  conditions  pre¬ 
vail  over  the  entire  band. 

It  is  possible,  however,  to  ensure  a  virtually  identical  and  optimum 
value  of  y  on  all  waves  as  follows.  It  is  known  that  if  an  indicator  is  set 
up  at  a  long  distance  from  a  logarithmic  antenna  in  the  direction  of  maximum 
radiation,  and  if  the  phase  angle  between  the  field  strength  at  the  indicator 
and  the  current  at  the  antenna  origin  is  recorded,  this  phase  angle  will 
change  with  change  in  the  wavelength.  If  the  ratio  of  the  magnitude  of  the 
distance  from  the  field  indicator  to  the  antenna  origin  to  the  wave  length 
is  kept  constant,  shortening  the  wavelength  of  the  logarithmic  antenna  by  one 
cycle  will  cause  the  field  phase  to  lag  360*.  In  other  words,  a  360*  lag 


in  phase  will  result.  Dependence  of  phase  on  wavelength  within  the  limits 
of  a  cycle  is  almost  linear. 

So  it  follows  that  if  we  multiply  the  dimensions  of  all  elements  in 

the  structure  by  the  magnitude  of  t,  the  field  intensity  at  the  reception 

site  will  lead  by  360*.  If  the  requirement  is  to  lead  by  90*  we  must 

multiply  the  dimensions  of  ail  elements  in  the  structure  by  the  magnitude 

t90/360  _  t1/4# 

So,  in  order  to  provide  the  proper  phase  relation  between  the  fields  of 
sections  I  and  II  we  must  multiply  all  the  dimensions  of  the  elements  in¬ 
flection  I  by  jY/360^  ^  a  practical  matter,  wire  diameters  cannot  be 

changed. 

Investigations  have  demonstrated  that  when  the  phase  shift  is  made  in 
the  manner  indicated,  the  magnitude  of  y  will  not  change  more  than  ±15*  within 
the  limits  of  a  cycle. 

#XVI.5«  Other  Possible  Arrangements  of  Antennas  with  Constant  Vidth 
Radiation  Patterns 

Rhombic  and  broadside  antennas,  and  generally  speaking,  practically 
any  type  of  directional  antenna  can  be  used  as  the  basis  for  obtaining 
radiation  patterns  in  the  horizontal  plane  with  little  change  in  width  within 
the  limits  of  an  extremely  broad  waveband.  This  is  done  by  making  the  an¬ 
tenna  system  of  two  directional  antennas  with  their  directions  of  maximum 
radiation  turned  with  respect  to  each  other.  Figure  XVI. 5.1  is  the 
schematic  diagram  of  an  antenna  such  as  this.  It  comprises  two  rhombuses. 


Figure  XVI. 5.1.  Schematic  diagram  of  a  multiple  rhombic  antenna 
with  a  radiation  pattern  in  the  horizontal  plane 
with  little  change  in  width. 

With  proper  selection  of  angle  ^r,  and  of  the  parameters  of  the  rhombic 
antennas,  the  result  is  a  radiation  pattern  in  the  horizontal'  plane  that 
changes  little  over  a  broad  waveband.  The  rhombic  antennas  con  be  single, 
as  well  as  twin. 

Broadside  antennas  will  yield  the  same  results.  By  way  of  an 
example,  Figure  XVI. 5. 2  shows  a  four-section  broadside  antenna.  The  left 
half  of  the  antenna  (I),  has  a  pattern  turned  to  the  left  because  the  feeding 


point,  1,  is  shifted  to  the  right.  The  right  half  of  the  antenna  (II),  th.5 
feeding  point  of  which  is  shifted  t  ^  -,e  left,  has  a  pattern  turned  to  tha 

right.  The  summed  pattern,  the  result  of  adding  two  partial  patterns,  has 
a  width  that  changes  little  within  the  operating  band  of  the  antenna* 

An  eight-section  broadside  antenna  can  be  used  similarly* 

Shortw&ve  traveling  wave  antennas  set  up  for  the  schematic  shown  in 
Figure  XVI. 5*1  can  also  be  used  as  the  basis  for  an  antenn^  system  with  a 
pattern  in  the  horizontal  plane,  the  width  of  which  will  change  but  little* 
A  characteristic  feature,  and  a  substantial  shortcoming,  of  all  such 
antennas  is  poor  utilization  of  their  potentials.  Thus,  only  three,  or  a 
few  more,  dipoles  operate  on  each  operating  wave  in  the  logarithmic  antenna* 
The  rest  (shorter  and  longer)  are  not  used. 

The  gain  factor  of  the  antenna  made  in  accordance  with  the  schematic 
shown  in  Figure  XVI. 5*1  is  less  than  that  of  an  antenna  comprising  two 
cophas^Uy  excited  rhombuses  vith  identical  directions  of  maximum  radiation 
by  a  factor  of  three  to  four. 


a 


Figure  XVI. 5. 2.  Schematic  diagram  of  a  broadside  antenna  with  a 
radiation  pattern  in  the  horizontal  plane  which 
changes  little  in  width. 

The  feeding  point  for  the  primary  distribution  feeders  of  the  broadside 
antenna  can  be  selected  such  that  on  the  longest  wave  in  the  band  the 
antenna  gain  factor  obtained  will  be  only  slightly  lower  than  that  if  all 
sections  were  fed  in  phase.  However,  shortening  the  operating  wave  will 
result  in  an  antenna  gain  for  the  antenna  made  according  to  the  schematic 
in  Figure  XVI. 5. 2  that  will  increase  approximately  in  proportion  to  the  first 
power  of  the  ratio  ong /X  (because  of  the  compression  of  the  radiation 

pattern  in  the  vertical  plane).  The  gain  factor  of  the  conventional  broad¬ 
side  antenna  in  which  ill  sections  are  excited  in  phase  increases  approximately 
in  proportion  to  (X^ong/l)%  because  of  the  narrowing  of  the  radiation 
pattern  in  the  horizontal  and  vertical  planes.  Here  is  the  maximum 

length  of  the  wave  in  the  antenna's  working  band,  and  \  is  the  antenna's 
operating  wave. 

We  should  note  that  the  antennas  described  in  this  section  are  not  as 
good  as  the  logarithmic  antenna  because  they  cannot  maintain  a  constant 
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radiation  pattern  in  the  vertical  plane.  Moreover,  these  antennas  have  less 
of  an  operating  band;  Yet  the  shortcomings  noted  are  not  always  significant* 
There  are  many  Case*  where  antennas  with  constant  pattern  widths  in  the 
horizontal  pl'ahe' described  here  can  prove  more  acceptable  than  the  logarith¬ 
mic  'mtdnhav 
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Chapter  XVII 

COMPARATIVE  NOISE  STABILITY  OF  RECEIVING  ANTENNAS 

\ 

#XVII.l.  Approximate  Calculation  of  emf  Directive  Gain 

Reception  quality  can  be  established  through  the  relationship 


x  =  e  /e  (XVII. 1.1) 

s  r 


where 


e  is  the  useful  signal  emf  across  the  receiver  inputs 

e  is  emf  across  the  receiver  input  produced  by  unwanted  signals. 


As  was  pointed  out  above  (#VI .10) ,  in  practice  the  relative  noise  stability, 
of  two  r 
relationship 


6  y,  of  two  receiving  antennas,  can,  in  most  cases,  be  characterized  by  the 


6  =  x, /x,,  *  D  .  ,/D  .  „ 

av  1  2  emf  1  emf  2 


(XVII. 1.2) 


where 


x.  and  x  are  average  operational  values  of  the  x  factor  for  fjvtennas 
1  6 

1  and  2; 

D  .  ,  and  D  „  _  are  the  emf  directive  gains  for  antennas  1  and  2. 
emf  1  emf  2 

The  emf  directive  gain  can  be  established  through  the  formula 

(XVII. 1.3) 


If  fa.  &.)i 


emf 


2«+  * 


4)1  cosA d  Ad? 


where 


F(cp ,a)  is  a  function  which  establishes  the  receiving  pattern} 
cp,  A  are  the  current  angular  coordinates} 

F(cp0,A0)  is  the  value  of  F(cp,A)  for  the  direction  in  which  is 

being  established. 

It  is  convenient  to  establish  the  relative  noise  stability  of  antennas 
by  using  a  non-directional  (isotropic)  antenna  (®emf  2”^  a#  at®*1**®1*^* 
Then 


®av  =  °emf  1* 


(XVII. 1.4) 


Substituting  the  expression  for  D  in  (XVII.1.4),  and  normalizing 
the  receiving  pattern  with  respect  to  |F(cp0,Ag)|  ,  we  obtain 


•Ik 


av 


2<  2 

i  j  4)(co s  Ad  Ad? 


»'• II.1.5) 


•where 


"Wmig&ps  &*r 
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The  receiving  pattern  is  usually  symmetrical  with  respect  to  the  direction 
9  =  0,  so  formula  (XVII. 1.5)  can  be  rewritten 

s  - - — - ..  (xvna»6) 

av  * 

*  2 

f  I  A)|cosAdAdj 

6  o 

Accordingly,  the  integral 

* 

A  =  jj  1^1  (<?.  ^)|  cos  A  dAd?.  ixvn.l  .7) 


Mathematical  difficulties  associated  with  the  need  to  integrate  the 
function  jF^{(p,,A)  j  are  encountered  in  establishing  the  magnitude  of  A  in 
final  form,  even  for  comparatively  simple  antennas.  Practically,  the  com¬ 
putation  can  be  made  by  numerical  integration,  but  there  is  an  unusual 
amount  of  computational  effort  involved.  This  is  why  the  approximate  solu¬ 
tion  to  the  expression  for  A  has  been  introduced.  The  following  simplifi¬ 
cations  have  been  made  in  order  to  make  the  computations  less  arduous. 

1.  Integration  with  respect  to  the  variable  A  has  been  limited  to  the 
range  of  angles  from  0°  to  50  or  60°.  The  basis  for  this  simplification 

is  the  low  probability  of  arrival  of  noise  at  angles  higher  than  50  to  60°  in 
the  shortwave  region.  Unwanted  signals  at  these  high  angles  can  be  generated 
in  the  main  stations  working  on  short  mainlines,  but  these  stations  usually 
work  on  longer  waves.  Also  to  be  borne  in  mind  is  the  fact  that  the  basic 
types  of  shortwave  antennas  have  extremely  weak  reception  at  high  angles 
relative  to  the  horizon  (a  >  50  to  60”),  so  the  exclusion  of  the  range  of 
angles  A  >  50  to  60°  from  the  integration  will  ceuse  no  marked  change  in 
the  magnitude  of  A,  We  have  settled  on  limits  of  integration  from  C°  to 
60°. 

2.  The  limitation  imposed  on  the  limits  of  integration  of  the  range 

of  angles  0  to  6o°  permits  the  assumption  that  in  the  sector  of  angles  from 

Aj  to  Ag  the  patterns  in  the  horizontal  plane  have  the  same  shape  as  the 

pattern  in  the  horizontal  plane  when  A  =  A  without  the  errors  in  the 

max 

assumption  being  too  great.  Here  A^  and  Ag  are  the  minimum  and  maximum 
angles  limiting  the  major  lobe  of  the  pattern  of  the  antenna  in  the  vertical 
plane,  while  &aQX  is  the  elevation  corresponding  to  the  direction  of  maximum 
reception.  In  the  sectors  0®  vo  Aj  and  Ag  to  60*  it  can  be  taken  that  the 
patterns  in  the  horizontal  plane  are  identical  with  the  patterns  in  the 
sector  Aj  to  Ag»  and  differ  from  them  only  by  the  absence  of  a  major  lobe. 


*L> 
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It  has  been  accepted  that  the  patterns  of  the  first  type  occur  in  the 
sector  of  angles  corresponding  to  the  width  of  the  pattern  in  the  vertical 
plane  at  half  power. 

With  these  simplifications  in  mind,  the  computation  for  A  can  be 
carried  out  through  the  following  formula 

A=-  j  cos  A  d  A  f  ',/*•>  (<?)!  d  <?+  f  cos  A  d  A  f  \F[V  (?)\  d?+ 


4-  1“  cos  Ad  A  pf{J»(?)|d<?, 


(XVII. 1.8) 


where 


-.Vi;,  ^  • 

•-  ‘,1  '9'  13  311  expression  establishing  the  pattern  of  the  antenna  in 


the  horizontal  plane  when  A  =  A  ; 

max 


F1  (cp)  is  an  expression  establishing  the  pattern  in  the  horizontal 
plane  for  values  of  A  lying  in  the  sectors  0°  to  Aj  and 
A2  to  60°. 

Integrating,  we  obtain 

A  =*  (sin  A,  —  sin  A,)  f  |f}'>  (9)]  d  9  -f  —  sin  A,  +  sin  A^X 


* 

xJ|/¥>  (<?)!*?• 


(XVXX.1.9) 


Accordingly,  the  relative  noise  stability  of  an  antenna  can  be  estab¬ 
lished  through  the  formula 


(sin  A,  —  sin  A,)  j  |  f['>  (?)  |  d?  +  —  sin 4,+sinA, j  j  j  rf*  (?)  |  df 


(XVII. 1.10) 


#XVII.2.  Results  of  the  Calculation 

The  approximation  method  discussed  was  used  to  establish  the  noise 

stability  of  the  basic  types  of  shortwave  receiving  antennas.  Figure  XVII. 2.1 

shows  the  curves  of  the  dependence  of  the  magnitude  of  D  .  for  the 

omf  1 

direction  of  maximum  reception  for  the  traveling  wave  antennas  BS2  2l/8  200/4.5 
17,  BS2  21/8  200/4.5  25,  and  3BS2  21/8  200/4.5  25  on  the  wavelength. 

The  3BS2  antenna  has  the  greatest  noise  stability.  The  magnitude  of  D 

emf  1 

for  this  antenna  is  4  to  6  db  higher  than  that  of  D  „  ,  for  the  BS2  antenna 

ecu  1 

suspended  at  a  height  of  1?  meters,  and  3  to  5  db  higher  than  that  of  D 

emf  1 

for  the  BS2  antenna  suspended  at  a  height  of  25  meters. 

Figure  XVII. 2. 2  shows  sirailer  curves  for  the  rhombic  antennas  RG  65/4  1, 

RGD  65/4  1  and  RG  70/6  1.25,  also  with  respect  to  the  wavelength.  As  will  be 

seen  from  this  figure,  the  magnitude  of  D  ,  ,  for  the  twin  antenna  (RGD)  is 

emi  1 

2  to  5  db  h’.gher  than  that  for  the  single  antenna. 
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Figure  XVII. 2.1.  Dependence  of  the  computed  values  of  emf  directive 
gain  of  3BS2  21/8  200/4.5  25,  BS2  2l/8  200/4.5  25, 
and  BS2  21/8  200/4.5  17  antennas. 

-  3BS2;  -  BS2,  H  *  25  a;  BS2,  H  -  17  m. 
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Figure  XVII. 2. 2. 


Dependence  of  the  computed  values  of  emf  directive 
gain  of  RGD  65/4  1,  RG  70/6  1.25,  and  RG  65/4  1 
antennas. 


... —  Ril  65/4  1; 


RG  70/6  1.25; - RGD  65/4  1. 


A  comparison  between  Figure  XVII. 2.1  and  XVII. 2. 2  reveals  that  the  BS2 
antenna  suspended  at  heights  of  17  and  25  meters,  and  this  is  particularly 
true  of  the  $BS2  antenna,  has  a  substantially  greater  noise  stability  than 
do  the  rhombic  antennas. 

The  data  cited  here  are  only  a  very  approximate  approach  to  the  absolute 

values  of  the  magnitudes  of  6  and  D  for  traveling  wave  and  rhombic 

av  emi  I 

antennas.  In  addition  to  the  errors  introduced  by  the  inaccuracy  of  the 
methodology  used  for  the  calculation,  there  are  large  errors  resulting  from 
the  fact  that  the  antenna  effect  of  the  feeder,  and  the  leakage  of  the 
singlo-cyclo  wnye  in  tho  reooivor,  voro  not  token  into  consideration  in  the 
calculation.  These  latter  errors  are  mostly  reflected  in  the  region  of 
large  value*  of  D  : 


w1 


However,  experimental  investigations  have  revealed  that  the  curves 
shown  are  satisfactory  for  use  in  characterizing  the  relative  noise  stability 
of  BS2  sjid  rhombic  antennas* 
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Chapter  XVIII 


METHODS  OF  COPING  WITH  SIGNAL  FADING  IN  RADIO  RECEPTION 


#XVIII.i,.  Reception  by  Spaced  Antennas 

It  has  been  established  that  the  fluctuations  in  field  intensity  at 
points  at  considerable  distances  from  each  other  are  out  of  synchronies 
because  the  beans  incident  at  these  points  are  reflected  from  regions  of 
the  ionosphere  at  considerable  distances  from  each  other.  Because  the  iono¬ 
sphere  is  not  sufficiently  homogeneous,  because  of  the  rotation  of  the  plane 
of  polarization  of  the  beams,  and  because  of  the  change  in  the  phase  of 
the  field  resulting  from  change  in  the  height  of  the  reflecting  layer,  the 
fluctuations  in  field  intensity  at  diverse  points  are  not  in  synchronism. 

If  there  are  two  or  more  beams  with  different  angles  of  tilt  at  the 
reception  point,  the  nonsynchronism  in  fluctuations  in  field  intensity  is 
also  the  result  of  nonidentity  in  the  components  of  the  phase  velocity  of 

propagation  of  these  beams  along  the  ground  surface  (v  ).  This  component 

0 

increases  with  increase  in  angle  A,  and  equals 

v  ■  c/cos  A, 

9 

where 

c  is  the  speed  of  light  (fig.  XVXII.1.1). 

In  the  case  of  two  beams,  the  change  in  the  field  intensity  in  the 
direction  of  propagation  because  of  nonidentity  in  phase  velocities  can  be 
described  by  the  formula 

£ »  E,  V 1  +  m*  +  2mcos[« (cos A,  -  cos AJ  +  (<5>,  ~&)]7  (XVIII.l.l) 

_  4 

% 

where 

m  o  EjVtegj 

E  and  E  are  the  amplitudes  of  the  field  strength  vectors  for  the 
2 

first  and  second  beams; 

A,  and  A„  are  the  angles  of  tilt  of  the  first  and  second  beams; 

z  is  a  current  coordinate  on  an  axis  extended  along  the  ground 
surface  in  the  direction  in  which  the  beams  are  propagated; 
and  i/ 2  are  the  phase  angles  of  the  vectors  E^  and  Eg. 

Angles  f  and  are  determined  by  the  length  of  the  path,  change  in 
phase  during  passage  through  the  ionosphere,  and  other  factors. 

•If  Ej  *  Eg  »  Eq,  the  summed  field  intensity  in  the  %  direction  will 
change  in  accordance  with  the  law  that  has 


( XVIII, 1.2) 


E  <=>  2£»cos  (o  z  (cos  A,~  cos  Aj)  +  (7s  — 1*»)]  j- 


Figure  XVIII. 1.1.  Determination  of  the  phase  velocity,  v 


for  a  tilted  beam. 


ground* 


As  will  bo  soon,  standing  waves  of  field  intensity  form  along  tho  ground 
surface.  Field  intensity  loops  are  obtained  at  points  ^oop*  established 
through  the  relationship 


~  [a  zitKp.  (cos  A,  —  cos  Aj)  +  ft,  ~  ❖»)]  “  «*» 


(XVIII. 1.3) 


where  n»0,  1,  2,  3,  from  whence 

jinis-  ■ 

Z,  »  1 - - -  (XVIII. 1.4) 

loop  COS  A, —  COS  A, 

Field  intensity  nodes  are  obtained  at  points  *node*  established 
through  the  relationship 

1“  ZhotScos  ~  cos  ^  +  ft*  “ 'W)  =•  (2«  +  1)  -  J*  *  (XVIII. 1 .5) 


from  whence 


0,5(2/»-f  1)  • 


2k 


node 


cosA,  —  cosA, 


(XVIII. 1.6) 


The  distance  between  a  field  intensity  loop  and  f  field  intensity 
node  equals 


d  = 


node 


z.  = 
loop 


1  1  . 
2  cos  A,  —  cos  A, 


(XVIII. 1.7) 


Example.  X  =  20  meters,  Aj  =  20°  and  A2  °  10#.  The  distance  between 
a  loop  and  the  nearest  field  intensity  node  equals 


- I _ =  — -i _ i _  «  223  meters. 

2  cos  A,—  cos  A,  2  0,985  —  0,9-10 

Changes  in  ^  and  ^  were  not  taken  into  consideration  in  the  derivation 
of  formula  (XVIII. 1.7).  Actually,  f  and  ^  are  constantly  changing  because 
of  the  complex  structure  of  the  beams,  so  the  field  intensity  loops  end 
nodes  are  constantly  shifted  along  the  z  axis. 
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And  if  thero  are  several  beams  with  different  amplitudes  present  at 
the  reception  .'die  the  distribution  of  field  intensity  maxima  and  minima 
vilA  be  sv en  earn  -complicated. 

It  must  be  jointed  out  that  as  a  practical  matter  the  distribution  of 
the  field  o’.&r  tue  ground  is  a  complex  one,  even  when  there  is  only  one 
beam.  As  a  natter  of  fact,  the  "beam"  cone ep?  is  very  conditional  indeed. 
Practically  speaking,  beca^«ss«-  of  the  "roughness"  and  nonuniformity  of  the 
ionosphere  the  ’’beam'1  is  a  bundle  of  homogeneous  beams  with  dissimilar 
trajectories,  jalfceit  differing  but  slightly,  and  thus  with  somewhat 
different  angle-s  of  tilt  as  a  result. 

A  schematic  c£  spaced  reception  is  shown  in  Figure  XVIII. 1.2,  with 
three  antennas  set  up  on  the  territory  of  the  field.  The  separation  bet¬ 
ween  the  centers  of  the  antennas  is  made  at  least  300  to  400  meters.  There 
is  a  separate  feeder  for  each  of  the  receivers,  and  the  signals  at  the  out¬ 
puts  of  the  receivers  add.  The  probability  of  the  minima  of  the  signals  from 
the  individual  receivers  coinciding  in  time  is  very  slight  because  of  non¬ 
synchronism  in  the  fluctuations  in.  field  intensity  at  the  individual  antennas. 
Specifically,  the  probability  of  deep,  short-term  signal  minima  coinciding 
is  remote.  Thanks  to  spaced  reception,  the  time  during  which  deep  signal 
minima  occur  is  reduced  considerably,  and  this  is  equivalent  to  increasing 
transmitter  power. 


Figure  XVIII. 1.2.  Schematic  diagram  of  spaced  reception. 

A  -  antenna;  B  -  receiver. 

Lines  longer  than  2500  to  3000  km  usually  use  three  spaced  antennas 
(triplex  reception).  Duplex  reception,  that  is  reception  using  two  spaced 
antennas,  is  used  on  shorter  lines. 

On  the  basis  of  the  considerations  discussed  here  with  respect  to  the 
reasons  for  the  fluctuation  in  field  intensity,  it  is  desirable,  when 
using  duplex  reception,  to  separate  the  antennas  so  they  will  be  simultaneously 
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placed  along  the  direction  of  beam  propagation  and  normal  to  that 
direction. 

Available  experimental  data  reveal  that  in  telegraph  work  triplex 
reception,  when  compared  with  simplex  reception,  has  the  effect  of  increasing 
transmitter  power  from  9  to  16  times.  In  the  case  of  duplex  reception  the 
gain  is  equivalent  to  increasing  transmitter  power  5  to  8  times. 

#XVIII.2.  Reception  with  an  Antenna  Using  a  Differently  Polarised  field 

We  know  that  the  field  intensity  vector  is  constantly  rotating  at  the 
reception  site,  the  result  of  the  features  associated  with  the  propagation 
of  waves  reflected  from  the  ionosphere.  Hence  it  is  possible  to  have 
intensive  reception  by  an  antenna  receiving  a  field  with  different  polariza¬ 
tions;  specifically,  by  an  antenna  receiving  a  normally  polarized  field  and 
by  an  antenna  receiving  a  parallel  polarized  field.  , Since  the  normal  and 
the  parallel  components  of  the  field  will  fade  heterogeneously,  this  is  one 
way  to  reduce  signal  fading. 

Experimental  investigations  have  thus  far  shown  that  the  use  of  polarized 
duplex  reception  has  an  effect  close  to  that  provided  by  duplex  reception  by 
spacod  nntonnns. 

The  simplest  arrangement  of  an  antenna  system  for  polarized  duplex 
reception,  suggested  by  V.  N.  Gusev  and  B.  D.  Lyubomirov,  is  shown  in 
Figure  XVIII. 2.1.  It  is  made  up  of  one  vertical,  and  one  horizontal,  dipole* 
The  antenna  reflector  is  made  in  the  form  of  a  grid. 


Figure  XVIII. 2.1.  Schematic  diagram  of  an  antenna  system  for 
polarized  duplex  reception. 

A  -  to  receiver  1;  B  -  to  receiver  2. 

Polarized  duplex  reception  is  particularly  desirable  in  cases  when 
the  site  is  not  largeenough  to  take  two  spaced  antennas. 

A  system  consisting  of  a  BS2  horizontal  traveling  wave  antenna,  under 
which  is  an  unbalanced  BSVN2  vertical  traveling  wave  antenna,  is  one  con¬ 
venient  variant  of  an  antenna  system  for  polarized  duplex  reception* 
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Mor6  complex  antenna  systems,  made  up  of  horizontal  and  vertical  di¬ 
poles,  can  also  be  used  for  polarized  duplex  reception* 

N.  I.  Chistyakov  has  suggested  the  use  of  two  unbalanced  traveling  wave 
antennas  with  tilted  dipoles  (fig.  XVIII. 2.2)  for  polarized  duplex  reception. 
Antenna  geometry;  including  the  number  and  length  of  the  dipoles,  is  the  same 
as  that  of  the  conventional  BSVN  antenna.  Antennas  can  be  duplex  (BSVN-2)  or 
simplex  (BSVN) ,  depending  on  conditions. 


"ttuMMtmpu  VK*e 


Figure  XVIII..2.2.  Schematic  diagram  of  an  antenna  system  for 
polarized  duplex  reception  suggested  by  N. 

I.  Chistyakov. 

A  -  unbalanced  traveling  wave  antennas. 

Antenna  with  Controlled  Receiving  Pattern 
Spaced  reception  reduces  the  depth  of  fading,  but  does  not  provide 
effective  relief  against  selective  fading  and  echoing. 

As  we  have. already  pointed  out  (Chapter  VII),  selective  fading  occurs 
as  a  result  of  the  summing  of  the  beams,  which  have  quite  a  bit  of  difference 
in  the  paths  they  travel,  at  the  reception  site. 

There  is  usually  a  definite  connection  between  the  time  of  arrival  of 
the  beam  and  the  angle  of  tilt.  The  smaller  the  angle,  the  shorter  the  beam 
path,  and  the  sooner  it  will  arrive  at  the  reception  site.  But  it  also 
follows  that  selective  fading  can  be  lessened  by  using  receiving  antennas 
with  narrow  receiving  patterns  in  the  vertical  plane  which  make  it  possible 
to  single  out  one  beam,  or  bundles  of  beams,  incoming  in  the  narrow  sector 
of  the  angles  of  tilt.  The  use  of  a  narrow  pattern  is  desirable  when  the 
angle  of  tilt  of  the  maximum  beam  .in  the  pattern  can  be  controlled  in" 
accordance  with  change  in  the  angles  of  tilt  of  incoming  beams. 

A  general  view  of  one  variant  of  an  antenna  system  with  a  narrow  con¬ 
trolled  reception  pattern  is, shown  in  Figure  XVIII. 3.1.  It  contains  16 
rhombic  antennas  in  a  single  line  in  the  direction  to  the  correspondent 
connected  to  a  receiver  that  can  make  an  in-phase  addition  of  the  emfs  from 
all  antennas.  The  antennas  brought  into  the  receiver  is  shown  in 
Figure  XVXII.3.2. 
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Figure  XVIII. 3.1.  General  view  of  an  antenna  system  with  a  controlled 
radiation  pattern. 


Figure  XVIII. 3. 2.  Schematic  diagram  of  antenna  supplies  to 
receiver. 

A  -  to  receiver. 


% 
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Figure  XVIII. 3. 3*  Block  schematic  of  a  receiver  for  an  antenna  system 
with  controlled  reception  pattern. 

A  -  to  antenna;  B  -  output;  C  -  receiver;  D  - 
detector;  E  -  monitor;  F  -  phase  shifter;  G  - 
delay  line. 

Figure  XVIII. 3 .3  is  a  schematic  of  how  the  receiver  system  functions. 

As  will  be  seen,  the  signal  from  each  of  the  antennas  is  fed  into  a  detector, 
D.  The  output  is  the  IF  current  distributed  over  four  branches.  The  out¬ 
puts  of  the  detectors  to  each  of  the  branches  are  connected  to  a  common 
bus  through  a  phase  shifter,  F.  The  in-phase  addition  of  the  emfs  from  all 
antennas  can  be  obtained  by  the  corresponding  adjustment  of  the  phase 
shifter.  The  emf  applied  to  each  of  the  branches  is  fed  into  the  individual 
receiver. 

The  receiving  pattern  in  the  vertical  plane  of  each  of  the  branches  can 
be  described  by  the  formula 


*<*)«/»  (A) 


sin 

!4M 

sin 

( XVIII. 3.1) 


where 


^(A) 


is  a  factor  characterizing  the  pattern  of  a  single  rhombic 
antenna; 

is  the  number  of  rhombic  antennas  in  the  antenna  system; 

is  the  phase  angle  between  the  emfs  across  two  adjacent  antennas, 

produced  by  the  phase  shifter; 

is  the  distance  between  the  centers  of  two  adjacent  rhombuses; 

veable^c’  *here  vCable  ***«  r*hase  v®locity  of  propagation  of  the 
waves  on  the  cable  connecting  the  antenna  and  receiver. 
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The  cable  is  laid  along  the  direction  of  the  long  diagonals  of  the 
rhombusos  and  the  difference  in  the  lengths  of  the  cables  conducting  the 
emf a  from  two  adjacent  antennae  is  equal  to  the  distance  between  the 
centers  of  these  antennas. 

As  will  be  seen  from  formula  (XVIII.3.1),  the  angle  of  tilt  at  which 
maximum  reception  is  obtained  depends  on  the  magnitude  of  ^r.  The  value 
cf  this  angle  can  be  controlled  by  changing 

The  receiving  pattern  of  the  antenna  system  is  quite  acute.  Figure' 
XVIII. 3. 4  shows  the  pattern  in  the  vertical  plane,  charted  for  the  following 
conditions: 

the  antenna  system  is  made  up  of  RG  65/4  1  rhombic  antennas; 
number  of  rhombuses  N  =  16; 

length  of  one  side  of  the  rhombus  t  =  100  meters; 
length  of  the  optimum  wave  for  the  rhombus  Xq  «  25  meters; 
kx  =>  0.95. 

The  pattern  was  charted  for  y  =  40°.  The  dotted  line  is  the  pattern 
for  i/  «  -8o°. 


Figure  XVIII. 3. 4.  Reception  pattern  in  the  vertical  plane  an 
antenna  system  with  controlled  pattern. 

I  -  phase  shifter  tuning:  ^  =  40°; 

II  -  phase  shifter  tuning:  ^  »  -80°. 


The  narrow,  controlled  pattern  makes  it  possible  to  tune  to  receive 
just  one  of  the  incoming  beams  in  each  branch.  Reception  is  as  follows. 

Each  of  the  branches  I,  II,  and  III  is  tuned  by  its  own  individual  system 
of  phase  shifters  to  receive  one  of  the  incoming  beams,  and  the  separate 
branches  are  tuned  to  different  beams.  Signals  from  each  of  the  incoming 
beams  pass  through  own  individual  receivers,  after  which  they  are  added. 

The  output  of  the  receiver  in  branch  I,  .rtiich  is  receiving  a  beam  with 
maximum  angle  of  tilt  arriving  at  the  reception  point  later  than  the  other 
beams,  is  connected  directly  to  the  collection  bus.  The  output  of  the 
receiver  in  branch  II,  tuned  to  receive  a  beam  with  a  smaller  angle  of  tilt 
incoming  at  the  reception  point  at  some  time,  r«  earlier  than  the  beam  being 
received  by  branch  I,  is  connected  through  the  delay  line  d  .  Delay  line 
d^  is  a  system  of  circuits  forming  an  artificial,  adjustable  signal  time 
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delay  which  compensates  for  the  lead  in  travel  along  the  route.  Similarly, 
the  output  of  the  receiver  in  branch  III,  which  receives  a  beam  with  minimum 
angle  of  tilt,  is  connected  through  delay  line  d^,  which  compensates  for  the 
lead  time  in  the  arrival  of  this  beam.  Thus,  the  addition  of  the  signals 
in  the  collection  line  takes  place  as  if  all  three  beams  had  arrived 
simultaneously. 

The  tuning  of  branches  I,  II,  and  III  for  maximum  reception  of  one  of 
the  beams  can  be  controlled  by  a  special  system  that  automatically  changes 
the  positions  of  the  phase  shifters  with  changes  in  the  angles  of  tilt  of 
the  incoming  beams.  If  there  are  only  two  strong  beams  at  the  reception 
site,  reception  is  by  two  of  the  branches. 

Branch  IV  is  used  to  monitor  the  field  structure  at  the  reception  site. 

Reception  in  each  of  the  branches  of  just  one  bundle  cf  beams  with 
slightly  different  paths  results  in  a  sharp  reduction  in  selective  fading. 
However,  non— selective  fading  in  each  of  the  branches,  caused  by  the  complex 
^ruci-ure  of  the  beam  and  the  rotation  of  the  plane  of  polarization,  is  not 
eliminated.  Weakening  of  non-selective  fading  occurs  when  signals  from  two 
or  three  branches  are  added,  for  this  is  the  equivalent  of  duplex,  or  triplex, 
spaced  reception. 

The  reception  system  described,  along  with  weakening  of  selective  and 
general  fading,  provides  an  increase  in  the  directive  gain  in  each  of  the 
branches  by  a  factor  of  N  compared  with  reception  by  just  one  rhombus. 

Operating  experience  demonstrates  that  a  reception  system  with  a 
controlled  receiving  pattern  has  a  positive,  reliable  effect  only  when  clearly 
defined  bundles  of  beams  with  predetermined  angles  of  tilt  are  present  at  the 
rocupilou  »ilo. 

This  system  will  not  be  reliable  in  its  effects  if  a  scattered  field 
is  present  at  the  reception  '■ite.  A  scattered  field,  with  no  clearly 
defined  beams,  is  often  observed  on  long  lines  when  there  is  poor  passage 
of  radio  waves. 

The  noise  stability  of  an  antenna  with  a  controlled  receiving  pattern 
can  be  improved  substantially  by  the  use  of  twin-rhombic  antennas,  or,  and 
this  is  more  desirable,  twin  traveling  wave  antennas. 
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Chapter  XIX 

FEEDERS.  SWITCHING  FOR  ANTENNAS  AND  FEEDERS. 

#XIX,1.  Requirements  Imposed  on  Transmitting  Antenna  Feeders 

The  basic  requirement  imposed  on  the  transmitting  antenna  feeder  is 
that  of  reducing  to  a  minimum  energy  losses  in  the  feeder.  Two  type3  of 
losses  occur  in  the  feeder:  losses  due  to  heating  of  the  conductors,  the 
insulators,  and  surrounding  objects;  and  losses  due  to  radiation.  Heat 
loss  can  be  reduced  by  using  high  conductivity  conductors  (copper,  bimetal), 
special  high-frequency  insulators,  and  .  /  keeping  the  open  feeder  away  from 
the  ground  and  surrounding  objects. 

Radiation  losses  are  reduced  by  using  symmetrical  feeders,  with  two, 
or  more,  conductors  located  close  to  each  other  and  carrying  opposite  phase 
waves,  or  by  using  shielded  feeders.  These  measures  simultaneously  reduce 
energy  losses  to  surrounding  objects. 

Definite  requirements  are  also  imposed  on  the  dielectric  strength  of 
a  feeder.  The  characteristic  impedance  and  the  diameter  of  the  conductors 
in  the  feeder  must  be  selected  such1 that  the  possibility  of  torch  emanation 
is  precluded.  The  insulators  used  with  the  feeder  must  have  a  dielectric 
strength  such  as  to  preclude  the  possibility  of  their  breaking  down  and  being 
destroyed  as  a  result  of  overheating. 

Finally,  reliable  mechanical  strength,  and  convenience  in  replacement, 
as  well  as  in  making  repairs  to  damaged  parts  of  the  feeder  (insulators, 
conductors,  brackets,  and  the  like),  must  all  be  provided  for. 


#XIX.2.  Types  of  Transmitting  Antenna  Feeders.  Design  Data  and 
Electrical  Parameters. _ _ 

(a)  General  remarks 

Two-wire  and  four-wire  aerial  feeders,  and  coaxial  lines  are  used 
as  transmitting  antenna  feeders.  Aerial  feeders,  because  of  their  simplicity, 
have  been  used  to  advantage. 

Only  open  aerial  lines  will  be  reviewed  here.  Information  on  coaxial 
lines  can  be  obtained  in  the  special  literature  on  the  subject. 

(b)  Two-wire  aerial  feeder 

The  two-wire  aerial  feeder  is  usually  made  of  bimetallic  or  hard- 
drawn  copper  wire.  Wire  diameter  will  vary  between  3  and  6  mm,  depending 
on  the  length  of  the  feeder  and  the  transmitting  power.  The  distance  bet¬ 
ween  wires  is  20  to  40  cm. 

The  feeder  is  secured  to  woodeij  or  reinforced  concrete  supports  installed 


20  to  30  meters  apart. 
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Strict  equidistant  spacing  of  supports  must  be  avoided  in  order  to  do 
away  with  the  possibility  oi  intensifying  the  effect  of  reflection  occasioned 
by  the  shunt  capacitance  of  the  insulators.  If  the  antenna  is  designed  for 
operation  on  just  one  wave  it  is  sufficient  to  ensure  nonmu.ltiplicity  in 
the  length  of  the  span  between  supports  with  respect  to  one-quarter  the  length 
of  this  wave. 

j 

The  height  at  which  the  feeder  is  suspended  is  selected  as  at  least  3.0 
meters  to  avoid  any  interference  when  moving  about  on  the  antenna  field 
territory.  Always  to  be  borne  in  mind  is  that  serious  burns  can  result  from 
coming  into  contact  with  an  operating  feeder.  Clearance  .'or  trucks  must 
be  assured  where  freders  cross  roads. 

Special  feeder  insulators  are  used  to  secure  the  feeder  to  the  supports. 
Their  design  is  such  that  the  conductor  can  hang  freely  in  them.  Insulator 
shape  and  size  depend  on  the  computation  made  to  reduce  to  a  minimum  the 
shunt  capacitance  between  the  conductors.  Block  and  stick  insulators  are 
used  in  practice. 

Feeders  must  be  run  from  transmitter  to  antenna  by  as  straight  a  line 
as  possible  to  reduce  reflections  at  bends. 

The  ends  of  the  feeder  are  dead-ended  at  the  last  supports,  but  quite 
often  special  devices  are  used  to  regulate  the  tension  on  the  feeder. 

Figures  XIX.2.1  and  XIX.2.2  show  variants  in  the  designs  used  to  secure 
feeders  to  intermediate  and  end  supports. 

The  characteristic  impedance  of  the  two-wire  feeder  is  established 
through  formula  (H.IV.17)  or  (H.IV.20)  in  the  Handbook  Section. 

The  dependence  of  the  characteristic  impedance  of  the  feeder  on  the 
D/d  ratio, /where  D  and  d  are  the  distance  between  wires  and  their  diameter, 
computed  through  formula  (H.IV.20),  is  shown  in  Figure  XIX. 2. 3. 

Formula  (H. IV. 15)  can  be  used  to  computo  the  pure  resistance  per  unit 
1  m uj  1  It  *ii  <1  iwn-wii.j  r.i>ii|itir  r'tiui!<*r  (ll^),  i'’iuiira  KTX',2,4  allows  the  curves 
of  the  dependence  of  on  the  wavelength  for  copper  two-wire  feeders  for 
different  values  of  d. 

If  we  ignore  the  conductivity  of  the  insulation,  and  this  is  per¬ 
missible  when  dealing  with  feeders  with  high-quality  insulators,  the 
attenuation  per  ur>it  length  of  a  two-wire  feeder  can  be  established  through 


the  formula 


8  =  R1/2W 


(XIX.2.1) 


Feeder  efficiency  in  the  general  case  can  be  expressed  through 
formula  (1.14.1).  The  efficiency  of  a  feeder  with  a  traveling  wave  ratio 
of  1  can  be  computed  through  formula  (1.14.4). 
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Uivng  formulas  (I.l4.l)  and  (1.14.4),  we  obtain 

T|  =  rw  1~lpl*  ,  (XIX.2.2) 

where 

Tj^  is  the  efficiency  for  a  traveling  wave  ratio  equal  to  1{ 

|p|  is  the  modulus  of  the  reflection  factor. 

Figures  XIX.2.5  through  XIX.2.7  show  a  series  of  curves  that  characterise 
the  dependence  of  the  efficiency  on  the  line  length  l,  the  wavelength 
and  the  wire  diameter  d.  The  curves  were  plotted  through  the  use  of  fonsula 
1.14.4,  that  is,  for  the  case  of  k  =  1. 


Figure  XXX.2.4.  Pure  linear  resistance  of  a  two-wire  copper 
feeder  for  various  conductor  diameters. 


Figure  XIX.2.5.  Dependence  of  the  efficiency  of  a  two-wire  feeder 
on  its  length  for  various  wavelengths  and  a 
traveling  wave  ratio,  k,  equal  to  unity. 
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Figure  XIX. 2. 6.  Dependence  of  the  efficiency  of  a  two-wire  feeder 
on  its  length  for  various  wavelengths  and  a 
traveling  wave  ratio,  k,  equal  to  unity. 


Figure  XIX.2.?.  Dependence  of  the  efficiency  of  a  four-wire  feeder 

on  its  length  for  various  wavelengths  and  a  traveling 
wave  ratio,  k,  equal  to  unity.  . 


Figure  XIX. 2. 8.  Dependence  of  the  factor  A  on  the  traveling  wave  ratio. 

A  is  a  correction  factor  for  computing  the  efficiency 
wfc  ;n  1  1. 
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Figure  XIX.2.8  shows  the  values  for  the  magnitude  of 


1  -  iri» 

1  —  |p]*c  ~4 


1  -  \P? 


(xix.2.3) 


This  yields  a  correction  factor  for  use  in  computing  tho  efficiency  0/  the 
feeder  when  the  traveling  wave  ratio  is  different  from  1. 

Formulas  1.13*2  and  1.13*9  can  be  used  to  establish  the  maximum  voltage 
and  the  field  strength  produced  by  the  feeder.  Maximum  permissible  powers 
are  established  through  formulas  VIII. 1.1  and  VIII. 1.2.  The  dielectric 
strength  of  the  insul \cors  used  with  aerial  feeders  can  be  established  from 
the  data  contained  in  Chapter  VIII. 

(c)  Four-wire  aerial  feeder 

Tim  Atiir-wi m  «o«'i m1  J'eeitcM'  con  bo  used  to  mlveistago  to  foail  antenna* 
excited  by  powerful  transmitters  to  reduce  the  field  strength  on  the  con¬ 
ductors.  Wire  diameters  here  are  the  same  as  those  for  the  two-wire  feeder. 
Distance  between  wires  is  on  the  order  of  25  to  40  cm.  Suspension  height 
and  distance  between  feeder  supports  can  be  selected  as  in  the  case  of  the 
two-wire  feeders. 

Block  or  stick  insulators  are  used  to  string  the  feeder.  A  variant  in 
using  stick  insulators  to  secure  a  feeder  to  intermediate  and  end  supports 
is  til  own  in  Figure  XIX. 2. 9,  as  well  as  in  XIX. 2. 10.  The  feeder  vires  are 
made  up  to  be  rectangular  in  cross  section  (fig.  XIX.2.11).  Wires  1  and 
4,  and  wires  2  and  3,  are  interconnected  by  jumpers  at  the  beginning  and  end 
of  the  feeder  and  at  each  of  the  intermediate  supports.  It  is  also  recommended 
that  jumpers  be  installed  between  the  in-phase  power  leads  every  2  to  3  meters 
in  order  to  prevent  the  appearance  of  asymmetry  on  the  line. 

The  characteristic  impedance  of  a  four-wire  feeder  is 


/  {/’d?  +  0?  20.  \ 

fr- 60  In 


(XIX.2.3) 


In  the  special  case  when  D  =  D  =  D 

1 


W  =  60  In 


( XIX. 2. 4) 


The  dependence  of  the  characteristic  impedance  of  the  feeder  on  the 
D/d  ratio,  computed  through  formula  (XIX.2.4),  is  shown  in  Figure  XIX. 2. 12. 

As  will  be  seen,  the  characteristic  impedance  of  the  four-wire  feeder  is  less 
than  that  of  the  two-wire  feeder  by  a  factor  of  1.6  to  1.8.  Correspondingly, 
the  maximum  power  that  can  be  handled  by  the  four-wire  feeder  is  greater  than 
that  handled  by  a  two-wire  feeder  by  a  factor  of  2.5  to  2.2  (see  formula 
VIII. 1.1). 


.  -  -  .Aw 


^  . 
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Figure  XIX.2.11.  Schematic  diagram  of  the  cross  section  of  *  four-wire 
feeder. 


V 


Figure  XIX.2.12*  Dependence  of  the  characteristic  impedance  of  a 
four-wire  feeder  on  the  D/d  ratio.  The  feeder 
conductor  is  located  at  the  apexes  of  the  angles 
of  s  square  with  side  D. 

*ha  attenuation  factor  for  the  four-wire  feeder  is  equal  to 

0  -  r/2W* 

where  R^  is  the  resistance  per  one  meter  of  one  wire,  if  losses  in  the  in¬ 
sulators  are  ignored. 

Efficiency  is  established  through  formulas  (l.l4»l)  and  (1.14.4). 

(d)  Six-wire  aerial  feeder 

The  use  of  a  six-wire  feeder  (fig.  XIX. 2. 13)  to  reduce  the  character¬ 
istic  impedance  can  be  desirable  in  certain  cases. 


Figure  XIX.2.13.  Transverse  cross  section  of  a  six-wire  feeder. 


Tha  characteristic  impedance  of  this  feeder  is 


W  =  120 


In 


In 


D,  0,n 
db* 

20,0," 

db 


24 


D, D:n 
db* 

2D|P;(l 


(XIX.2.5) 


If  =  2D^  =  D,  then 


W  =  120 


,  2/2  O 

In  — —  -f  0,81 


In 


0,5660 


0.891D 


In  ■ 


In 


0.5660 


24- 


In 


0,8940 


(XIX. 2. 6) 


The  attenuation  factor  can  be  established,  approximately,  through  the 
formula 

0  =  RX/3W,  (XIX.2.7) 

where  R^  is  the  resistance  per  unit  length  of  one  wire. 

Formulas  (XIX.2,5)  and  (XIX.2.6)  do  not  take  nonuniformity  in  the  dis¬ 
tribution  of  current  flowing  in  the  wires  into  consideration. 


#XIX.3 .  Receiving  Antenna  Feeders.  Design  Data  and  Electrical  Parameters. 

(a)  Requirements  imposed  on  receiving  ar.tenna  feeders 
The  basic  requirement  imposed  on  the  receiving  feeder  is  that  there 
be  no  reception  of  electromagnetic  energy  (no  antenna  effect).  Reception  of. 
electromagnetic  energy  by  a  feeder  causes  distortion  of  the  antenna  receiving 
pattern  and  this,  in  turn,  can  reduce  antenna  gain  and  increase  noise 
reception  intensity. 

Reduction  in  the  receiving  effect  can  be  achieved  by  the  use  of  symmetrical 
aeribl  feeders,  or  shielded  symme'crical  and  asymmetrical  cables. 

The  highest  possible  feeasr  efficiency  should  also  be  provided,  but  in 
the  case  of  reception  feeder  efficiency  is  not  as  great  an  influence  as  it 
is  in  the  case  of  transmission. 

.  The  same  requirements  in  regard  to  shunt  capacitance  of  insulators, 
mechanical  strength,  convenience  in  making  repairs  and  replacing  damaged 
sections  noted  for  transmitting  feeders  apply  to  those  used  for  reception. 
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(b)  Types  of  receiving  antenna  feeders 

In  the  reception  field  the  most  widely  used  feeder  is  the  four-wire 
crossed  aerial  feeder,  as  well  as  symmetrical  and  coaxial  cables.  The 
symmetrical  and  coaxial  cables  practically  eliminate  antenna  effect  when 
the  corresponding  transition  to  the  antenna  is  made. 

On  vital  lines  equipped  with  highly  directional  receiving  antennas, 

.such  as  the  3BS2  for  example,  it  is  extremely  desirable  to  use  symmetrical 
and  coaxial  cables  to  obtain  the  best  use  of  their  space  selectivity. 

It  should  be  borne  in  mind  that  widely  used  crossed  four-wire  aerial 
feeders  have  a  marked  antenna  effect  because  of  the  penetration  of  single- 
cycle  waves  into  the  receiver  input  circuit,  ‘"hese  waves  will  form  as  a 
result  of  the  feeder  picking  up  electromagnetic  energy,  just  like  the 
Beveridge  antenna,  which  is  made  up  of  several  parallel  wires.  The  space 
waves  propagated  along  the  feeder  axis  induce  particularly  intensive  single- 
sycle  waves. 

The  use  of  static  shields  between  the  feeder  coil  and  the  receiver 
input  circuit  will  not  completely  eliminate  tne  penetration  of  single-cycle 
waves. 

Two-wire  aerial  feeders  can  only  be  used  to  connect  the  curtains  in 
multiple  antennas  and  as  short  jumpers  for  connecting  individual  feeders 
with  each  other. 

(c)  Aerial  crossed  four-wire  ond  multiwiro  feeders 

The  four-wire  aerial  feeder  is  usually  made  of  bimetallic  wires 
with  a  diameter  d  =  1.5  mm,  positioned  at  the  corners  of  a  square  with  side 
D  =  35  mm.  The  crossed  wires  are  connected  together  at  the  source  and  ter¬ 
minus  of  the  feeder  to  form  a  single  electrical  conductor. 

Special  porcelain  insulators  are  used  to  suspend  the  feeder  on  wooden, 
or  reinforced  concrete  supports  2.5  to  4  meters  high.  The  distance  between 
supports  is  selected  on  the  order  of  10  meters.  The  wires  are  strung  so 
they  slide  freely  in  the  insulator,  and  can  be  readily  removed  from  it. 

The  feeder  is  strung  in  a  straight  line,  or  with  smooth  bends,  made  on 
a  large  radius.  It  is  desirable  to  make  the  angle  of  the  turn  taken  around 
any  one  upright  no  larger  than  18  to  20°. 

The  end  of  the  feeder  is  secured  to  the  end  supports  by  blocks  and  a 
counterweight  so  the  feeder  is  held  taut.  The  weight  used  is  on  the  order 
of  60  kg. 

Several  feeders  are  often  strung  on  the  same  supports,  but  when  this  is 
done  the  distance  between  individual  feeders  should  be  at  least  0.75  a 
in  order  to  eliminate  the  substantial  mutual  effect  close  spacing  can  have. 

Figures  XIX. 3.1  and  XIX.3.2  show  variants  in  the  manner  in  which  a  feeder 
can  be  secured  on  wooden  intermediate  and  end  supports. 
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Figure  XIX.j.l.  Variant  in  the  design  for  securing  a  four-wire 
crossed  reception  feeder  to  an  intermediate 
support. 


Figure  XIX. 3. 2.  Variant  in  the  d< sign  for  securing  a  four-wire 
crossed  reception  feeder  to  an  end  support. 

1  -  block;  2  -  spacer  insulator. 


The  characteristic  impedance  of  a  crossed  four-wire  feeder  can  be 
established  through  the  formula 


87  =  60  iri  l~i 
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V  Di  +  Dj 
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(X1X.3.1) 
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and  are  the  sides  of  a  rectangle  at  the  apexes  of  which  the  con¬ 
ductors  are  located; 

d  is  the  diameter  of  the  wires  used  for  the  feader. 

In  the  special  case  of  D  »  D  =  D  ► 

X  6 

W  =  60  In —5. .  >  (XIX.3.8) 

The  characteristic  impedance  of  a  feeder  with  0  *  D  *  35  ram,  and 

X  ct 

d  *  1.5  mm,  is  W  a  208  ohms. 

The  attenuation  factor  and  efficiency  of  the  feeder  are  established 
through  the  same  formulas  used  for  the  purpose  for  the  four-wire  transmitting 
feeder. 

Figure  XIX. 3 .3  shows  curves  that  characterize  the  efficiency  of  e  four- 
wire  receiving  feeder  in  the  traveling  wave  mode.  The  correction  factor 
for  the  case  when  the  traveling  wave  ratio  -does  not  equ&i  1  can  bo  estab¬ 
lished  by  using  the  curves  shown  in  Figure  XIX. 2.8. 
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Figure  XIX. 3 *3 •  Dependence  of  the  efficiency  of  a  crossed  four-wire 
feeder  on  its  length  for  various  wavelengths  and  a 
traveling  wave  ratio,  k,  equal  to  unity. 


There  are  individual  cases  when  it  can  be  necessary  to  use  crossed 
multiwirc  feeders  in  order  to  reduce  the  characteristic  impedance  or  to 
ruihicu  mil. 'imn  of  foot. 

Figure  XIX. 3. 4  shows  the  positioning  of  the  conductors  of  a  six-viro 
crossed  feeder.  Crossed  feeders  cade  up  of  a  great  many  conductors  can  be 
formed  similarly. 

The  characteristic  impedance  of  a  crossed  feeder  made  up  of  n  conductors, 
formed  into  a  cylinder,  can  be  established  through  the  formula 


240  ln  8R 
n  nd 


(XIX.3.3) 
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where 

n  is  the  total  number  of  conductors  in  both  symmetrical  halves  of  the 
feeder. 

The  attenuation  factor  can  be  established  through  the  formula 

3  =  2R  /nW,  (XIX, 3. 4) 


where 


R^  is  the  resistance  per  unit  length  of  one  conductor. 

o 
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Figure  XIX. 3. 4.  Transverse  cross  section  of  a  crossed  six-wire 
feeder. 


(d)  Two-wire  aerial  feeder 

As  has  been  indicated  above,  the  two-wire  aerial  feeder  is  seldom 
used  as  an  independent  feed  system  for  reception,  and  then  only  when  the 
antenna  is  located  near  the  service  building. 

The  two-wire  feeder  can  be  used  as  a  jumper  to  connect  individual  sections 
of  four-wire  feeders,  for  the  lead-in  into  receiver  rooms,  and  for  distribution 
feeders  for  antennas. 


Figure  XIX. 3. 5-  Crossed  two-wire  feeder. 

A  -  insulator. 


The  characteristic  impedance  of  the  two-wire  feeder  is  selected  in 
accordance  with  the  point  at  which  it  is  connected  into  the  circuit. 

The  two-wire  feeder  is  crossed  at  predetermined  intervals  (fig.  XIX. 3. 5) 
to  reduce  the  antenna  effect.  These  intervals  in  distribution  feeders  are 
about  one  meter  apart,  and  in  jumpers  made  of  wires  located  close  to  each 
other  and  suspended  without  tension,  a  few  tens  of  centimeters  apart. 

The  insulators  used  at  the  points  where  the  feeders  are  crossed  should 
have  as  low  a  shunt  capacitance  as  possible. 
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#XIX,4.  Transmitter-  Anter.na  Switching^ 

(a)  General  considerations 

Modem  shortwave  radio  transmitting  centers  usually  have  a  great 
many  transmitters  and,  correspondingly,  quite  a  few  antennas.  It  is  virtually 
impossible  to  connect  the  antennas  to  the  transmitters  because  each  trans¬ 
mitter  operates  on  different  waves  and  in  different  directions.  Honco  tho 
noed  to  switch  tho  transmitters  to  tho  different  antennas. 

It  is  in  the  radio  centers  that  the  switching  must  be  done  to  change 
the  direction  of  maximum  radiation  from  the  antennas,  and,  in  particular,  to 
reverse  and  switch  the  antennas  to  change  the  shape  of  the  radiation  pattern. 

The  general  requirements  imposed  on  all  types  of  antenna  switching  are 
simplicity  of  the  device  used,  speed  and  convenience  in  switching,  minimum 
energy  reflection,  and  minimum  mutual  effect  between  feeders. 

The  operational  nature  of  the  work  that  goes  on  in  the  radio  center,  the 
requirement  that  the  number  of  operators  be  reduced,  and  that  the  transition 
be  made  to  completely  automated  equipment  without  operators,  all  impose  the 
requirement  that  devices  used  for  antenna  switching  be  made  with  remote  con¬ 
trols,  the  while  striving  to  design  the  simplest  of  automation  arrangements. 

It  is  desirable  to  have  as  few  switching  points  as  possible  between  trans¬ 
mitter  and  antenna  to  antenna  switching  will  not  cause  heavy  reflections  on 
the  line. 

It  is  also  necessary  that  the  switching  elements  be  simple  in  design 
and  that  the  sectiono  of  the  line  containing  the  switching  elements  be  as 
similar  as  possible  to  the  other  sections  of  the  line.  It  is  taken  that  an 
antenna  witching  system  ought  not  reduce  the  traveling  wave  ratio  by  more 
than  10  to  20%. 

Any  switching  element  is  part  of  the  line,  so  switches,  like  feeder  lines, 
can  be  symmetrical  and  asymmetrical.  Symmetrical  switches  are  sometimes  made 
up  of  two  asymmetrical  switches. 

Experience  with  switching  lines  carrying  industrial,  or  low  frequencies, 
cannot  be  borrowed  to  build  circuits  for  switching  transmitting  antennas  because 
in  high  frequency  circuits  even  a  small  section  of  an  idle  line  connected  into 
a  circuit  can  cause  reflection  of  c.  considerable  amount  of  energy.  Antenna 
switching  should  be  planned  to  there  is  no  possibility  of  simultaneously 
connecting  more  than  one  antenna  to  one  transmitter,  more  than  one  transmitter 
to  one  antenna,  or  a  transmitter  to  another  transmitter. 

The  quality  of  an  antenna  switching  arrangement  is  judged  by  the  number 
of  connections  to  one  switching  circuit;  the  more  connections,  the  worse  the 
switching  arrangement.  The  ideal  is  an ' arrangement  in  which  the  switching 
circuit  has  but  one  connection  to  each  wire  in  the  feeder. 


1.  IX. 4  was  written  by  M.  X-  Shkud. 
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The  quality  of  the  switching  system  can  also  be  judged  by  the  complete¬ 
ness  with  which  all  necessary  connections  are  made.  The  total  number  of 
possible  connections  must  be  taken  to  mean  the  product  of  number  of  trans¬ 
mitters  by  number  of  antennas.  The  most  complete  switching  system  is  one 
that  can  switch  any  antenna  to  any  transmitter.  If  the  switching  system  is 
such  that  only  some  of  these  connections  can  be  made,  the  lower  the  per¬ 
centage  of  total  number  of  connections,  the  greater  the  limitation  imposed 
on  the  system,  and  the  lower  its  operational  capacity. 

The  number  of  connections  needed  will  depend  on  the  ratio  center's 
operating  schedule.  There  are  many  cases  when  there  is  no  need  to  complicate 
the  antenna  switching  system,  to  plan  a  great  many  connections  that  will 
see  little  use.  If  the  operations  of  a  radio  center  are  planned  such  that 
one  transmitter,  or  individual  groups  of  transmitters,  are  connected  to  a 
predetermined,  limited  number  of  antennas,  this  will  result  in  correspondingly 
simplifying  the  antenna  switching.  And  it  is  mandatory  as  well  to  plan  on 
the  possibility  of  replacing  each  transmitter  by  another  in  case  of  emergency, 
or  when  planned  repairs  must  be  made. 

Operations  in  radio  c-iiumunication  centers  often  are  such  that  trans¬ 
mitters  are  sending  in  the  same  directions  almost  around  the  clock,  and  the 
only  time  that  switching  takes  place  is  when  waves  are  shifted.  When  trans¬ 
mitters  are  used  for  short  sessions,  and  consequently  are  switching  in 
different  directions  quite  often,  an  antenna  switching  system  with  heavy 
limitations  can  cause  a  sharp  reduction  in  the  station's  operating  capacity, 
and  even  result  in  a  considerable  curtailment  in  transmitter  use.  Selection 
of  the  number  of  connections  in  the  antenna  switching  system  has  a  very 
material  effect  ind'.e.  on  operating  conditions.  If  this  selection  is  to  be 
the  proper  one  note  must  be  made  of  operation  conditions,  for  only  in  this 
way  con  the  required  number  of  switchings  per  day  per  transmitter  be  arrived 
at. 

The  following  general  conclusion  can  be  drawn.  If  the  number  of  daily 
connections  required  for  ail  transmitters  is  a  small  percentage  of  the  total 
number  of  connections  possible,  it  is  desirable  to  build  simple  systems  for 
group  switching.  But  if  the  number  of  connections  per  day  is  25  to  30% 
the  total  number,  taking  seasonal  changes  and  the  nature  of  the  traffic 
load  into  consideration,  it  is  rational  to  use  a  system  that  will  provide 
access  to  the  total  number  of  connections  possible;  that  is,  a  system  that 
will  connect,  any  transmitter  to  any  antenna. 

(b)  Antenna  switching  arrangements 

Antenna  switching  systems  can  be  made  using  small  capacity,  con¬ 
ventional  switches,  or  special  antenna  switches  of  different  capacities. 
Antenna  switching  systems  containing  simple  switches  with  capacities  of  1x2, 
1x3,  1x4,  and  1x5  are  widely  used.  These  switches  are  remotely  controlled. 
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so  the  switching  system  is  quite  convenient  in  operation.  Simple  switches 
are  usually  installed  outside  the  building,  in  the  feeder  approach.  In¬ 
stallation  of  a  system  such  as  this  is  extremely  simple.  Switches  for  in¬ 
stallation  inside  the  building  are  also  available.  In  this  latter  case 
energy  propagation  must  take  plqce  over  shielded  feeders. 

A  variant  of  the  1x3  switch  for  an  outside  installation  is  shown  in 
Figure  XIX.4.1.  A  variant  of  the  1x4  capacity  switch  for  an  inside  installa¬ 
tion  is  shown  in  Figure  XIX. 4. 2. 

Figure  XIX. 4. 3  is  a  schematic  diagram  of  antenna  switching  for  a  large 
radio  center  with  16  transmitters  and  34  antennas.  The  number  of  connections . 
possible  in  this  radio  center  is  544.  The  switching  is  based  on  the  use  of 
simple  transfer  switches  and  is  built  in  four  groups  of  four  transmitters. 

The  connections  in  each  group  are  made  by  1x2,  1x3,  and  1x4  transfer  switches. 
In  addition  to  the  switching  provided  for  connecting  the  transmitter  to  the 
antenna  it  will  use,  the  circuitry  is  such  that  the  transmitters  can  be 
switched  to  dummy  antennas  for  tuning  and  for  substituting  transmitters  in 
adjacent  groups. 

As  will  be  seen  from  the  diagram,  group  switching  by  low  capacity  trans¬ 
fer  switches  makes  it  possible  to  build  a  system  with  adequately  high  capacity. 
But  systems  such  as  these  cannot  provide  the  high  degree  of  operational 
capacity  it  is  possible  to  obtain  using  special  antenna  switches. 

There  are  various  principles  on  which  the  construction  of  special  antenna 
changeover  switches  can  be  based,  and  the  main  ones  will  be  reviewed.. 

There  are  several  types  of  antenna  changeover  switches  functioning  on 
the  principle  of  a  crossbar  connection.  In  these  switches  the  transmitter 
bus  bars  are  on  one  shaft,  and  the  antenna  bus  bars  are  on  a  perpendicular 
shaft,  but  in  another  plane.  The  positions  at  which  the  bus  bars  intersect 
have  switching  elements  installed  for  the  purpose  of  connecting  antenna  and 
transmitter  at  such  positions,  and  to  disconnect  the  bus  bars  so  that  the 
idle  end  on  the  o^her  side  of  the  connected  position  is  open.  These  switches 
resemble  the  plate-type  (Swiss)  switch  used  in  telephone-telegraph  engineering, 
''-bvit^they  differ  from  them  in  that  tney  have  no  idle  ends.  The  different 
switches  of  this  type  in  use  differ  in  the  operating  principles  designed 
iuto  the  switching  element.  Some  are  quite  complicated  because  one  operation 
must  change  the  four  circuits  connected  to  them. 

Figure  XIX. 4. 4  shows  the  schematic  diagram  of  a  crossbar  rotanna 
transfer  switch  for  connecting  three  transmitters  to  13  antennas.  The  con¬ 
necting  feeders  are  shown  as  single  wires  in  order  to  simplify  the  diagram. 

As  will  be  seen  from  this  schematic,  switches  of  this  type  can,  in  prin¬ 
ciple,  have  any  capacity.  A  substantial  shortcoming  in  these  switches  is 
the  great  number  of  switching  elements  cu  .  into  the  switching  circuit,  equal 
at  a  maximum  to  n  +  m  -  1  (n  is  the  number  of  transmitters,  a  is  the  number  of 
antennas) . 
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Figure  XIX.4.3.  Schematic  diagram  of  antenna  switching  in  a  large 
radio  center. 

Conventional  symbols:  A  -  transmitter;  B  -  standby 
transmitter;  C  -  switch  fop  controlling  antenna  ra¬ 
diation  by  remote  control;  D  -  switch,  1x4  capacity 
with  remote  control;  E  -  switch,  1x3  capacity  with 
remote  control;  F  -  switch,  1x2  capacity  with  remote 
control;  G  -  switch,  manual,  1x2  capacity,  installed 
at  transmitter;  H  -  dummy  antennas. 
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Figure  XIX. 4. 4.  Schematic  diagram  of  a  crossbor/antenna  changeover 
switch  for  operating  three  transmitters  on  13  an¬ 
tennas.  / 


A  -  transmitter. 


RA-008-68 


543 


In  the  case  of  the  hioh  capacity  antenna  changeover  switch,  it  is 
necessary  to  introduce  a  second  stage  of  switching  and  set  the  switches  up 
in  groups  in  order  to  reduce  the  number  of  switches  cut  into  the  switching 
circuit.  For  example,  if  the  requirement  is  to  switch  six  transmitters  to 
30  antennas,  the  maximum  number  of  switches  in  the  switching  circuit  is  35* 
But  if  the  first  stage  has  each  transmitter  serviced  by  a  1x3  capacity 
switch,  and  if  the  circuitry  is  made  up  into  three  groups  of  6x10  capacity 
switches,  there  will  be  no  more  than  16  connections  in  the  circuit.  This 
breakdown  into  groups  is  sometimes  necessary  for  convenience  in  laying  out 
the  antenna  feeders,  which  are  usually  run  to  the  building  from  different 
siues. 

The  schematic  diagram  of  a  switching  element  for  a  crossbar  switch  is 
shown  in  Figure  XIX. 4. 5.  In  this  diagram  the  solid  line  indicates  the  posi¬ 
tion  of  the  switch  when  the  transmitter  is  connected  to  the  antenna,  and  the 
dotted  line  the  position  when  the  transmitter  and  antenna  bus  bars  are 
directly  connected.  As  will  be  seen  from  the  diagram,  this  switching  can  be 
cone  by  using  a  switching  element  made  up  of  two  1x2  switches,  one  connected 
to  the  transmitter  bus  bar,  the  other  to  the  antenna  bus  bar,  and  jumpered 
(5)  together.  It  is  desirable  to  locate  the  1x2  switches  as  close  to  each 
other  as  possible,  so  a  simple  connection  can  be  made  to  one  common  drive, 
and  in  order  to  keep- the  jumper  (5)  short  and  without  complicated  bends. 
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Figure  XIX. 4. 5.  Schematic  diagram  of  a  switch  for  an  antenna  change¬ 
over  switch  made  in  accordance  with  the  diagram  in 
Figure  XIX. 4. 4. 

1  -  two-pole  knife  switch;  2  -  switch  shaft;  3  - 
transmitter  bus  bar;  4  -  antenna  bus  bar;  5  -  jumper; 

A  -  to  antenna;  B  -  to  transmitter.  / 

The  crossbar  switch  manufactured  by  "Tesla,"  the  Czechoslovakian  firm, 
has  a  capacity  of  six  transmitters  on  30  antennas  (6x30),  and  is  made  up  of 
two  6x15  switches.  Each  transmitter  is  connected  to  these  switches  by  a 
1x2  switch. 


The  6x15  switches  are  assembled  from  1x2  switches,  the  diagram  as  shown 
in  Figure  X3X.4.4.  Design-wise,  this  switch  is  made  so  the  switches  ere 
sections  of  bus  bar  from  one  switching  point  to  the  other.  The  transmitter 
bus  bars  are  located  on  the  peripheries  of  a  cylindrical  surface,  one  above 
the  other.  The  antenna  bus  bars  are  located  on  uprights  on  a  coaxial 
cylindrical  surface  somewhat  larger  in  diameter.  The  motor! ‘drive  simultaneously 
switches  the  antenna  switch  and  the  transmitter  switch.  The  changeover  switch 
is  located  in  a  round  building,  the  diameter  of  which  is  in  excess  of  . 
meters. 

This  changeover  switch  has  n(m+l),  that  is,  186  switches.  Maximum  con¬ 
nection  is  made  through  21  switches  and  42  knife  contacts.  The  changeover 
switch  is  made  of  open  feeders  and  this  can  result  in  marked  coupling 
originating  between  feeders.  Half  of  the  switch  must  be  completely  cut  out 
in  order  to  make  repairs  to  any  element. 

The  switching  element  in  the  Shandorin  changeover  switch  differs  in 
that  it  has  two  separate  elements,  one  making  the  connection  *to  the  bus 
bars  "directly"  (when  no  connection  is  required),  the  other  connecting 
the  transmitter  to  antenna  when  this  is  necessary  (figs.  XIX. 4. 6  and  XIX. 4. 7). 


Figure  XIX. 4. 6.  Schematic  diagram  of  the  Shandorin  changeover  switch. 

A  -  plane  of  transmitters;  B  -  plane  of  antennas; 

C  -  switching  schematic;  D  -  bent  feeder;  E  -  direct 
fooder;  F  -  direction  of  movement  during  switching. 

Elements  aro  shifted  during  switching  by  moving  them  forward.  As  will 
be  seen  from  Figure  XIX. 4. 6,  the  element  "directly"  connected  has  two  straight 
sections  of  the  feeder  chat  move  like  knife  blades  into  fixed  contacts, 
forming  continuous  bus  bars  for  antennas  and  transmitters.  The  element  for 
making  the  transmitter-antenna  connection  is  a  bent  section  of  feeder  that 
connects  the  antenna  bus  and  the  transmitter  bus.  This  element  is  behind  the 


antenna  bus  bars  when  in  the  cut-out  position,  and  when  cut  in  can  be  ad¬ 
vanced  and  assumes  a  position  in  the  plane  of  the  bus  bars  of  antennas  and 
transmitters.  At  the  same  time,  the  element  making  the  direct  connection 
between  bus  bars  moves  and  assumes  a  position  in  front  of  the  transmitter 
bus  bars.  A  changeover  switch  of  this  design  provides  good  decoupling  of 
circuits.  Lines  can  be  made  uniform.  The  number  of  contacts  is  double  that 
found  in  the  circuit  using  1x2  switches. 

The  crossbar  changeover  switch  can  be  manufactured  with  telescoping  bus 
bars.  The  bus  bars  are  not  cut,  however,  but  extend  into  the  connection, 
where  the  contact  is  made  with  knife-like,  or  other,  devices  on  the  ends  of 
the  bus  bars.  This  switch  will  have  one  or  two  contacts  for  each  conductor, 
and  this  is  one  great  advantage  of  the  switch.  However,  automation  is 
difficult. 

This  type  of  switch  is  desirable  when  power  is  low,  when  overall  size 
can  be  kept  small,  so  the  bus  bars  only  have  to  move  short  distance.0/. 

From  the  foregoing,  it  will  be  seen  that  crossbar  type  antenna  change¬ 
over  switches  have  a  great  many  switch  points,  and  hence  a  very  complex 
automation  and  signal  system.  There  are  a  great  many  contact  points  .in  the 
line.  Also  extremely  difficult  is  how  to  resolve  questions  concerned  with 
servicing  and  safety  in  these  switches. 

Rotating  switches  provide  the  least  number  of  contacts  in  a  connection 
circuit  for  a  minimum  number  of  switching  elements  in  antenna  changeover 
switches. 

The  changeover  switches  can  have  quite  high  capacities,  so  can  be  made 
in  several  stages,  using  low  capacity  switches,  or  can  be  made  with  very  few 
stages  using  high  capacity  switches. 

in  tne  first  case  each  transmitter,  and  each  antenna,  ca.-i  oe  cut  in 
through  that  number  of  stages  providing  that  number  of  directions  at  the 
output  of  the  last  stage,  a  multiple  field,  in  other  words,  equal  to  the 
product  of  the  number  of  transmitters  by  the  number  of  antennas  (n  x  m). 

Any  transmitter  can  be  connected  to  any  antenna. 

For  example,  if  4  transmitters  must  be  switched  to  16  antennas,  the  first 
stage  of  1x4  switches  can  be  cut  in  on  each  transmitter,  after  which  a  second 
stage,  also  made  up  of  1x4  switches  can  now  be  inserted  in  each  of  the  16 
directions  obtained,  so  a  multiple  field  of  f  ansmitters  in  64  directions 
is  the  result.  It  is  enough  tc  cut  in  one  stage  of  1x4  siwtches  on  each  an¬ 
tenna  and  obtain  a  multiple  field,  also  made  up  of  54  directions,  from  16 
antennas.  Both  multiple  fields  are  interconnected  by  jumpers  so  each  trans¬ 
mitter  can  be  switched  to  any  of  the  16  antennas. 

When  it  is  necessary  to  switch  8  transmitters  to  16  antennas,  one  1x2 
stage  on  the  antenna  side  is  sufficient,  and  there  will  be  128  directions  in 
each  multiple  field. 
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If  it  is  necessary  to  switch  10  transmitters  to  40 -antennas,  we  can  do 
so  ov  inserting  in  the  transmitter  side  two  lx'.',  and  1x10  or  1x5  and  1x8 
stages,  or  three  1x2,  1x4,  and  1x5  stages,  and  two  1x2  and  1x5  stages  on 
the  antenna  side. 

In  these  circuits  the  number  of  contacts  in  any  connection  equals  the 
number  of  stages,  and  will  not  be  in  excess  of  5  or  6,  even  at  high  capacities,, 
and  the  number  of  controlled  switches  equals  an  i  bn  (a  is  the  number  of 
stages  in  the  field  of  transmitters;  b  is  the  number  of  stages  in  the  field 
of  antennas).  Thus,  in  a  10  x  40  switch  the  number  of  switches  equals  100 
in  the  case  of  four  stages,  and  110  in  the  case  of  five  stages.  A  crossbar 
changeover  switch  would  require  400  switches  to  arrive  at  this  same  capacity. 

As  will  be  seen  from  the  description  given,  the  basic  number  of  switches 
equates  to  a  multiple  field  of  antennas,  so  it  is  rational  to  have  few 
stages  in  this  field.  For  example,  if  two  1j:4  and  1x10  stages  are  built  into 
the  field  of  transmitters,  and  one  1x10  stage  is  built  into  the  antenna 
field,  each  connection  will  have  three  contacts  and  60  witches  will  be  re¬ 
quired. 

Design-wise,  it  is  desirable  to  put  these  changeover  switches  together 
from  switches  that  can  be  assembled  in  one  unit.  Figure  XIX.4.3  shows  an 
8x16  capacity  changeover  switch  assembled  from  1x4  and  1x2  switches.  The 
switch  was  suggested  by  Yakovlev  and  is  now  produced  by  industry.  The  switches 
used  in  this  changeover  switch  are  two-wire,  completely  shielded,  and  of  a 
design  such  that  the  elements  can  be  fastened  to  each  other,  thus  making  it 
possible  to  readily  assemble  changeover  switches  of  necessary  capacity. 

A  changeover  switch  based  on  rotating  switching  elements  is  quite  compact 
when  made  up  of  xoaxial  elements  ana  coaxial  cables  ar,  used  as  feeders  to 
the  switch.  Ryabov  and  Pakhomov  have  suggested  a  6x12  capacity  switch  such 
as  this. 

Figures  XIX. 4. 9a  and  XIX. 4. 9b  show  the  design,  consisting-  of  two  6x25 
capacity  changeover  switches  proposed  by  Shkud,  for  use  with  aerial  feeders 
with  a  characteristic  impedance  of  300  ohms,  and  for  power  ratings  up  to 
150  kw.  The  antenna  leudJins  are  on  a  semicircle  with  a  radius  of  about  5  m,, 
Fixed  contacts,  which  make  the  connections,  are  affixed  to  the  lead-in 
insulators.  Finder  switches  (fig.  XIX. 4.10)  for  transmitters  are  stacked, 
three  above,  and  three  below  the  line  of  antennas  (see  fig.  XIX.4.9a).  The 
axes  of  rotation  of  the  finders  are  in  the  center  of  a  circle  of  antenna 
lead-ins.  Each  finder  has  two  tubes,  their  axes  of  rotation  in  the  center  of 
the  changeover  switch,  positioned  one  above  the  other.  At  some  distance  from 
the  aris  of  rotation,  the  tubes  turn  and  align  themselves  horizontally  into 
a  linear  section  that  makes  contact  at  the  antenna  lead-ins. 
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So  no  one  finder  will  interfere  with  the  other  finders,  and  so  it  will 
be  able  to  turn  freely,  the  linear  section  can  be  telescoped  to  shorten  it 
as  the  finder  moves  from  antenna  to  antenna.  An  outstanding  reature  of  the 
Shkud  changeover  switch  is  that  there  is  only  one  contact  in  the  connection 
circuit.  The  finder  is  rotated  by  a  motor  drive,  and  telescoping  is  by 
pneumatic  drives  that  are  the  tubes  themselves.  The  outer  tube  is  the  drive 
cylinder,  the  inner  the  piston,  which  has  soft  packing  for  this  purpose. 

The  changeover  switches  reviewed  do  not  exhaust  all  the  available  types 
of  such  switches,  but  do  give  an  idea  of  the  principles  involved  in  building 
antenna  switching. 

As  we  indicated  above,  there  are,  ’n  the  antenna  switching  system  used 
in  radio  centers,  in  addition  to  switching  transmitters  to  different  antennas, 
arrangements  for  reversing  antennas,  and  arrangements  for  turning  and  changing 
antenna  patterns. 

Antenna  reversal  is  usually  dene  by  chaing  the  point  at  which  the  trans¬ 
mitter  is  cut  in,  by  ckainging  the  load  resistance,  or  the  transmitter  and 
the  tuning  stub.  Used  for  the  purpose  are  external  switches  with  four  pairs 
of  fixed  contacts,  positioned  at  the  corners  of  two  squares,  and  two  pairs 
of  blades  which,  when  rotated,  can  be  positioned  at  two  opposite  sides  of 
a  square  (see  fig.  XIX.7.7)*  This  switch  has  two  positions;  one  position 
connects  one  pair  of  sides,  the  second  position  the  other  pair  of  sides. 

A  similar  type  of  switch  is  often  used  for  the  mutual  replacement  of  trans¬ 
mitters.  Two  transmitters  are  cut  into  their  own  switching  circuitry  through 
the  switch,  and  if  one  of  xhem  breaks  down  the  other  transmitter  can  be  used 
to  operate  with  any  of  the  antenna  groups. 

The  phasing  of  half  the  antennas  must  be  changed  in  order  to  rotate 
the  radiation  patterns  of  broadside  antennas.  This  is  often  done  by 
using  a  1x3  capacity  antenna  switch. 

When  the  switch  i  in  its  center  position  both  halves  of  the  antenna 
are  fed  in  phase,  but  if  the  switch  is  set  to  either  of  its  extreme  positions 
one  of  the  halves  of  the  antenna  is  cut  in  directly,  while  the  other  half 
is  cut  in  through  a  stub,  shifting  the  phase,  the  magnitude  of  the  shift 
being  selected  in  accordance  with  the  length  of  stub  selected. 

(c)  Feeder  lead-ins 

Feeders  for  transmitting  antennas  are  dead-ended  at  the  ends  of 
the  feeder  supports  at  the  service  building.  The  feeders  are  usually  lead 
from  the  supports  to  special  brackets  installed  in  the  building  wall.  Jumpers 
are  used  to  connect  the  feeders  to  the  lead-ins. 

Feeders  are  sometimes  lead  into  the  building  through  the  upper  half  of 
a  windy*  in  the  transmitter  room.  Window  glass,  with  holes  drilled  in  it, 
and  through  which  brass  rods  which  connect  the  outside  section  of  the  feeder 
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with  "the  inside  section  (fig.  XIX. 4.1l)  are  inserted,  is  the  insulator  in. 
this  case.  Characteristic  impedance  of  the  feeder  must  remain  unchanged, 
whatever  the  lead-in  used. 


Figure  XIX. 4. 11.  Two-wire  feeder  lead-in  through  building 
window. 

1  -  to  end  support;  2  -  to  transmitter;  3  -  glass; 
4  -  bracket;  5  -  insulator;  6  -  brass  rod. 


Figure  XIX. 4. 12.  Feeder  lead-in  through  building  wall. 

1  -  bracket;  2  -  insulator;  3  -  self-induction 
compensating  coil;  4  -  to  end  support;  5  -  to 
transmitter;  6  -  PR  insulator. 


Feeder  lead-ins  can  also  be  brought  in  through  the  wall,  in  which  case 
there  are  special  openings  and  porcelain  insulators,  type  PR  (fig.  XIX.4.12), 
on  either  side  of  th=>  wall.  Lead-in  runs  laid  on  a  wall  should  be  in  metal 
tubing  to  avoid  substantial  losses.  Lead-ins  of  this  type  insert  a  great  deal 
of  additional  capacitance  in  the  feeder,  causing  a  substantial  reflection 
of  energy.  An  induction  coil  is  inserted  in  the  lead-in  wire  to  compensate 
for  this  additional  capacitance.  The  coil  is  chosen  with  about  4  to  5  micro¬ 
henries  of  inductance,  and  should  be  selected  more  precisely  on  the  spot. 

The  correctness  with  which  the  coils  for  the  lead-ins  are  selected  can  be 
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monitored  by  measuring  the  traveling  wave  ratio  on  the  section  cf  feeder 
between  the  transmitter  and  the  lead-in,  and  comparing  it  with  the  traveling 
wave  ratio  on  the  external  section  of  the  feeder. 

Lead-ins  are  often  made  of  coaxial,  or  of  two-wire  shielded  cables, 
in  addition  to  the  aerial  feeder  lead-ins. 

#XIX. 5 •  Lead-ins  and  Switching  for  Feeders  for  Receiving  Antennas 

Aerial  feeders,  and  shielded  cables,  can  be  used  for  lead-ins,  for  the 
runs  inside  the  station,  and  for  switching  in  receiving  radio  centers. 
Shielded  cables  have  been  used  advantageously  for  lead-ins  in  recent  years. 

The  aerial  feeder  lead-in  usually  passes  through  the  upper  window  pane, 
and  the  glass  has  through-bolts  inserted  in  it  for  the  purpose.  Small  seg¬ 
ments  of  a  two-wire  crossed  feeder  are  used  to  connect  the  four-wire  feeder 
to  the  bolts.  Bolt  diameters  and  the  distance  between  the  bolts  must  be 
selected  such  that  the  characteristic  impedance  of  the  line  segment  formed 
by  the  bolts  equals  the  characteristic  impedance  of  the  four-wire  feeder. 

The  characteristic  impedance  of  the  two-wire  segment  of  the  feeder  must  also 
be  made  equal  to  the  characteristic  impedance  of  the  four-wire  feeder, 
insofar  as  possible. 

Figure  XIX.5.1  shows  a  variant  in  fastening  a  four-wire  feeder  directly 
to  the  wall  of  the  service  building.  In  many  cases  the  four-wire  feeder 
terminat.es  at  the  last  upright  installed  close  to  the  window.  This,  however, 
makes  the  building  facade  more  massive  and  lengthens  the  two-wire  insert. 

The  latter  is  undesirable  because  it  makes  it  difficult  to  make  a  two-wire 
line  with  a  characteristic  impedance  equal  to  the  characteristic  impedance 
of  the  four-wire  feeder.  The  section  of  line  connecting  the  feeder  to  the 
lead-in  too  is  sometimes  made  four-wire. 

Lightning  arrestors  are  installed  on  the  service  building  at  the  feeder 
lead-in  site.  One  side  of  the  arrestor  is  connected  to  each  c.f  the  through- 
bolts,  the  other  to  the  grounding  bus  (fig.  XIX. 5-2).  The  feeders  are  run 
from  the  through-bolts  to  the  antenna  changeover  switch. 


Figure  XIX.5.1.  Variant  for  securing. a  four-wire  receiver  feeder 
to  a  building  wall. 

A  -  through-bolts. 


i 

i 
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Figure  XIX. 5.2.  Schematic  diagram  of  the  lead-in  and  lightning 
protection  for  a  receiving  antenna. 

A  -  feeder  to  antenna;  B  -  window  glass;  C  -  discharger; 
D  -  choke;  E  -  to  receiver. 


Figure  XIX.5.3*  Variant  schematic  diagram  of  air  feeder  changtcver 
switch. 

1  -  four-wide  feeder;  2  -  resistor;  3  “  constant  capaci¬ 
tance  condenser  C  2000  cm;  4  -  HF  choke;  5  ~  two-wire 
cord;  6  -  wall  plug  with  spring  prongs;  7  -  telephone 
jacks;  8  -  two-wire  telephone  plug;  9  -  cord,  two-wire, 
telephone;  10  -  telephone  plug  jack,  two-wire;  11  - 
pushbutton,  six-spring,  with  index;  12  -  key,  three- 
way,  12-spring;  13  -  galvanometer,  double  scale; 

14  -  galvanometer  potentiometer;  15  -  constant  capa¬ 
citance  C  10,000  cm;  l6  -  pushbutton,  four-spring. 

A  -  zero  set;  B  -  to  antenna;  C  -  to  receiver;  D  - 
I  conductor- ground;  E  -  I  conductor-II  conductor; 

F  -  II  conductor-ground;  G  -  check  of  cords. 

Figure  XIX. 5.3  shows  a  variant  in  the  schematic  arrangement  of  the  switch 
for  aerial  feeders  with  auxiliary  devices  for  measuring  terminating  resistances 
and  insulation.  The  feeders  from  the  receivers  are  led  to  a  system  of  tele¬ 
phone  jacks,  I-I,  and  the  feeders  from  the  antenna  lead-ins  a-e  led  to  a 
system  of  telephone  jacks,  XI-II. 
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System  II-II  has  three  pairs  of  jacks  for  each  antenna,  the  purpose  of 
which  is  to  make  it  possible  to  connect  two,  or  three,  receivers  to  one 
antenna. 

Switching  is  done  by  two-wire  cords  terminating  in  two-pronged  plugs. 

The  characteristic  impedance  of  the  cords  is  selected  close  to  that  of 
the  four-wire  feeder.  A  pair  of  HF  chokes,  4,  are  connected  to  the  jack 
for  each  antenna.  The  other  ends  of  the  chokes  are  wired  to  the  telephone 
jack  system,  IV-1V.  When  the  jack  is  not  in  use  the  other  ends  of  the  chokes 
are  grounded  and  serve  to  leak  static  charges  that  bull'd  up  on  the  antenna 
to  ground.  In  order  to  avoid  a  substantial  reaction  of  the  chokes,  4,  on 
the  feeder,  their  impedance  must  be  considerably  greater  than  the  characteristic 
impedance  of  the  feeder.  #XIX.8.  contains  data  on  these  chokes. 

Any  antenna  can  be  connected  through  telephone  jacks,  IV-IV,  by  cord  9 
to  tho  ohmmoter  installed  on  the  changeover  switch.  When  plug  8  is  inserted 
in  any  of  tho  jacks  in  IV,  tho  chokes  connected  to  tho  jack  are  disconnected 
from  ground.  The  chokes  now  decouple  the  HF  channel  from  the  ohmmeter  circuit. 

The  ohmmeter  consists  of  a  galvanometer,  13,  multiplier  R^,  and  batteries. 
The  current  in  the  ohmmeter  circuit  flows  through  a  six-spring  pushbutton, 

11,  and  a  three-way,  12-spring  key,  12.  The  position  of  right  pushbutton  11 
and  key  12  shown  in  Figure  XIX. 5«3  is  that  when  galvanometer  13  is  operating 
in  the  circuit  for  measuring  small  resistances  (ohmmeter  circuit). 

A  high-voltage  battery,  cut  in  by  pressing  the  right  pushbutton,  11,  is 
«oed  to  measure  the  insulation.  Key  12  is  set  in  the  center  position  shown 
in  Figure  XIX.5.3  to  measure  leakage  between  conductors. 

To  measure  leakage  of  conductors  to  ground,  key  12  is  set  as  shown 
in  Figure  XIX.5.3;  I  conductor-ground,  or  II  conductor-ground.  Each  of  these 
positions  corresponds  to  a  measurement  of  leakage  to  ground  from  one  of  the 
antenna  conductors.  Shunt  resistance  14  is  used  to  zero  the  galvanometer. 

To  set  zero  the  internal  circuit  of  the  galvanometer  is  shorted  by  pressing 
left  pushbutton  11. 

Four-spr’ng  pushbutton  16  is  used  to  check  the  changeover  switch  cords. 

One  end  of  the  cord  is  inserted  in  jack  V  of  the  ohmmeter  circuit,  the  other 
end  in  jack  VI. 

When  pushbutton  16  is  pressed  the  conductors  at  the  other  end  of  the 
cord  are  opened  and  the  insulation  between  the  conductors  is  checked  by  the 
ohmmeter.  When  pushbutton  16  is  released  the  conductors  at  the  end  of  the 
cord  are  shorted  anu  the  ohmmeter  now  checks  for  continuity,  or  poor  contacts 
in  the  cord. 

Intra-statrVn  four-wire  feeders  running  from  the  changeover  switch  to 
the  antenna  lead  in.?,  or  to  the  receiver,  are  usually  made  of  0.5  mm  dia¬ 
meter  wire.  Correspondingly,  the  distance  between  wires  is  reduced  to 
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1.2  cm.  Reducing  the  distance  between  wires  of  four-wire  feeders  makes  it 
possible  to  bring  the  feeders  within  a  few  centimeters  of  each  other  with¬ 
out  danger  of  marked  mutual  effect  between  them. 

Aerial  lead-ins  and  intra-station  switching  are  inconvenient  because 
they  encumber  and  spoil  the  overall  appearance  of  the  equipment  room.  Mori 
over,  the  two-wire  cords  used  to  switch  antennas  in  the  case  of  open, 
intra-station  runs,  upset  somewhat  the  match  between  feeders  and  receivers 
So,  in  recent  years,  the  intra-station  switching  and  lead-ins  are 
made  with  two-conductor  double-ended  cables,  or  HF  coaxial  cable. 

In  the  latter  case  a  special  transformer  is  required  to  make  the  tran 
sition  from  the  double-ended  four- conductor  feeder  to  the  single-ended 
coaxial  cable.  The  transformer  must  provide  for  transition  to  the  coaxial 
cable  without  upsetting  the  balance  of  the  four-conductor  feeder,  as  well 
as  provide  a  good  match  of  characteristic  impedance  of  the  four-conductor 
feeder  with  the  characteristic  impedance  of  the  coaxial  cable  converted 
through  the  transformer.  And,  at  the  same  time,  symmetry  and  the  match  of 
the  characteristic  impedances,  must  be  ensured  over  the  entire  operating 
band.  y 
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Figure  XIX.5«4.  Low  capacity  antenna  changeover  switch  made  of 
double-ended  shielded  lines. 

A  -  antennas;  B  -  receivers;  C  -  schematic  diagram; 
D  -  antennas;  E  -  receivers;  F  -  jumper;  G  -  two- 
wire  plug. 
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When  a  coaxial  cable  is  used  the  switching  is  done  by  either  flexib'  e 
coaxial  shielded  sections  of  cable,  or  by  a  stacked  changeover  switch 
arrangement.  The  latter  has  preferential  distribution.  Figure  XIX. 5. 4 
shows  the  external  view  and  the  schematic  of  a  low-capacity  antenna  change¬ 
over  switch  of  double-ended  shielded  lines. 

Devices  providing  protection  against  lightning  are  installed  in  the 
circuit  of  an  aerial  four-conductor  feeder.  There  is  no  way  to  install 
clils  to  leak  off  static  charges. 

#XIX.6<  Transformer  for  the  Transition  from  a  Four-Wire  Feeder 
to  a  Coaxial  Cable 

(a)  Transformer  schematic 

Described  here  is  the  transformer  developed  by  V.  D.  Kuznetsov,, 
and  analyzed  by  V.  D.  Kuznetsov  and  L>.  S.  Tartakovskiy.  The  schematic  of 
the  transformer  is  shown  in  Figure  XIX.6.1. 


Figure  XIX.6.1.  Schematic  diagram  of  a  transformer  for  the 

transition  from  four-wire  feeder  A  to  coaxial  cable  B. 


The  transformer  will  function  over  a  wide  range  of  frequencies  only 

when  there  is  strong  (close  to  unity)  inductive  coupling  between  coils 

and  L^.  However,  in  such  case  there  is  also  an  increase  in  the  capacitive 

coupling  between  the  coils,  and  this  leads  to  the  establishment  of  a  single- 

cycle  v-ve  from  the  open  four-wire  feeder  in  the  coaxial  cable.  In  order  to 

avoid  this,  coil  L^,  as  shown  in  Figure  XIX.6.1,  is  made  in  two  sections,  wound 

alternately,  with  the  center  point  grounded  (one  of  the  coil  sections  is 

shown  by  a  dotted  line).  In  this  case  the  single-cycle  wave  travels 

through  two  identical  halves  of  coil  L^,  which  are  strongly  coupled  to  each 

other  and  wound  in  opposite  directions.  The  toral  inductance  of  coil  is 

therefore  negligibly  small  for  the  single-cycle  wave.  Correspondingly, 

for  che  single-e-ycle  wave  on  coil  there  is  established  a  voltage  node 

and  the  distributed  shunt  capacitances  C  between  coils  1»  and  L.  have  very 

n  l  i 

little  effect  on  circuit  operation. 

Thus,  it  is  possible  to  create  a  strong  inductive  coupling  between 

coils  and  without  causing  any  great  coupling  between  them  through 

capacitance  C  for  a  single-cycle  wave.  Practically  speaking,  coil  L,  can 
n  ) 

be  wound  direr-tly  on  coil  L,  • 
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(b)  Analysis  of  transformer  operation 

We  have  shown  the  transformer  circuitry,  consistins  of  the  two 
halves  shown  in  Figure  XIX. 6. 2,  for  purposes  of  convenience* 
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Figure  XIX. 6. 2.  Equivalent  transformer  circuit* 

Let  the  impedance  at  terminals  ac  equal  Z^  ««  R^  +  iX^,  and  the  impedance 
at  terminals  bd  equal  Z  =  R  +  iX  . 

2»  Ct  6 

The  optimuu  output  of  energy  from  the  primary  circuit  to  the  secondary 
circuit  occurs  when 


X!  +  X2  "  °‘ 


(XIX.6.1) 
( XIX. 6. 2) 


Analysis  reveals  that  the  equality  at  (XIX.6.1)  can  be  satisfied  when 
the  following  relationships  are  observed 


Lj  __  L,K' 
Lx  Lx 


C,  Vt 


(XIX. 6. 3) 


where 


K  is  the  coupling  factor  between  coils  L^  and  L^; 

M  is  the  resistance  transformation  ratio. 

It  is  impossible  to  observe  the  equality  at  (XIX.6.2)  over  the  entire 

operating  band.  As  a  practical  matter,  all  that  can  be  discussed  is  the 

creation  of  a  regime  in  which  the  magnitude  X  +  X  has  minimum  values  in 

the  operating  wave  band.  As  a  result  of  the  analysis  of  the  transformer 

circuit  it  was  made  clear  that  the  minimum  value  of  X^  +  X^  is  obtained  in 

the  case  of  equality  between  the  resonant  frequencies  of  circuics  L^C^ 

L  C  and  the  resonant  frequency  of  the  circuit  formed  from  the  stray  in- 
‘  *  2 
ductance  of  coil  L^,  equal  to  L^(l  -  K  ),  and  capacitance  C^. 

Thus,  the  following  relationship  snould  be  realized 


Yl.fi,  VLfi ,  l  'l,  (I  -  A'»VC, 

Hereafter  we  will  call  ul  the  transformer's  n; 


(XIX.6.4) 


Hereafter  we  will  call  cu,  the  transformer's  natural  frequency,  and, 
correspondingly,  =  2tt*3»10°/u^  the  transformer's  natural  wave. 

Let  us  introduce  the  designations 

Pi  «=  «#Z,j  =  — X-  =  I  /  ~ —  to  describe  the  input  circuit, 

•  “*  c»  V  cx 


$2  *—  Ct)0  L2  1 


~ —  to  descrioe  the  output  circuit « 


From  formula  (XIX. 6. 3)  it  follows  that 


VPi  "  VP2  * 

Lot  us  designate  v1/p1  m  V^PZ  in  tena®  of  b« 

FrcK\  formulas  (XIXC6.3)  and  (XIX.6.5) ,  it  follows  that 


(XIX.6.5) 


M  -  WA  -  pA- 


(XXX.6.6) 


Upon  observance  of  the  equalities  at  (XIX.6.3)  and  (XIX.6.4),  the  follow¬ 
ing  expressions  for  R  *  R^  ■  R^  and  X  =X^  +  X^  are  obtained 


where 


1  4-6*  A*  ’ 

Y  .  (t2/C*6»  —  f  1  —  /C«>1  A  —  (1  —  /C«)  6”  A»)  RT, 
(i+6*A‘)«C*  ' 


(XIX.  6. 7) 
(XIX.6.8) 


A  is  the  generalized  detuning,  equal  to 

^  _ _ 

Let  us  designate  by  Pnax  the  power  fed  to  the  coaxial  cable,  given  the 
condition  pf  an  ideal  match  between  primary  and  secondary  circuits,  that 
is,  given  observance  of  the  equalities  at  (XIX.6.1)  and  (XIX.6.2).  The  ratio 
of  the  power  delivered  when  the  match  to  the  maximum  power  is  not  ideal, 
something  not  difficult  to  prove,  equals 


«(*•)' 


(xix.6.9) 


In  the  case  of  equality  of  the  pure  res: stances  of  the  primary  and 


secondary  circuits  (R^  *  R^  =  R) 


mu 


(xix.6.10) 


where  X  =  X^  +  X^. 

Substituting  the  values  for  X  and  R  from  formulas  (XIX.6.7)  and  (XIX.6.8) 
in  formula  (XIX.6.10),  we  can  determine  the  change  in  the  p/paax  ratio  in 
the  band. 

Knowing  P/P  it  is  not  difficult  to  determine  the  traveling  wave 
max 

ratio  on  a  four-wire  feeder.  In  fact,  if  the  losses  in  the  transformer  are 
ignored,  the  p/pagiX  ratio,  computed  through  i>raula  (XIX.6.10),  will,  at  the 
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same  time,  characterize  the  energy  output  from  the  four-wire  feeder  to 
the  transformer, 

PVP^.  * 
r  f  max’ 

where 

P.  is  the  optimum  energy  output  from  the  four-wire  feeder  to  the 
x  max 

transformer;  that  is,  the  output  when  the  traveling  wave  ratio, 
k,  equals  unity; 

Pf  is  the  output  energy  for  a  real  value  of  k. 

As  is  known,  the  dependence  between  the  traveling  wave  ratio  on  the 
feeder  ar.d  the  output  energy  in  the  resistance  of  the  feeder  load  (in  this 
case  a  transformer  and  the  coaxial  cable  connected  to  it)  can  be  expressed 
by  the  formula 

PjP.  -  4k/(l+k)2  (XIX.6.11) 

x  x  max 


Equating  the  right  sides  of  equations  (XIX.6.10)  and  (XXX.6.11)  to  each 

other,  wo  obtain 


46  , 

(!+*)* 


(XIX.6.12) 


From  formula  (XIX.6.12)  we  obtain 

^1  +  y)'— +  '  (XIX.6.13) 


where 


a  =  X/R.  (XIX.6.14) 

Figure  XIX. 6-3  shows  the  curves  for  k  =  f  (\)  and  a  «  f_(\),  plotted  with 

X  U 

a  logarithmic  scale  on  the  axis  of  abscissas.  The  k  values,  computed  through 
formula  (XIX.6.13)  equate  to  the  case  when  the  traveling  wave  node  is  present 
on  the  coaxial  cable,  so  its  input  resistance  equals  W  « 


Figure  XIX.6.3*  Transformer  curves  made  using  the  schematic 
diagram  in  Figure  XIX.6.1. 

A  -  minimum;  B  -  maximum. 
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If  the  traveling  wave  ratio  on  thr>  coaxial  cable  haa  some  value  kf,  the 
traveling  wave  ratio  on  the  four-wire  feeder  ca.<  change  between  kk^  to 
as  limits  if  k  <  kf,  or  from  kkf  to  k^/?*  if  <  k,  where  k  is  the 
traveling  wave  ratio  computed  through  formula  (XIX.6.,13 ) • 

The  k  =  f  (X)  and  a  =  f  ( X  )  curves  are  symmetrical  with  respect  to  the 
transformer's  natural  wave,  Xq«  It  therefore  follows  that  when  designing 
the  transformer  its  natural  wave,  equal  to 

\>  ="V  Nnin  ^max* 

where 

X  ■  and  X  are  minimum  and  maximum  waves  in  the  specified  operating 
mm  max 

'  band  for  the  transformer, 

must  be  assumed.. 

It  is  also  desirable  to  select  transformer  parameters  such  that  on  the 

X  .  and  X  waves  the  traveling  wave  ratio  is  that  of  waves  X,'  and  X, 
min  max  11 

(fig.  XIX.6.3),  because  in  this  case  the  greatest  values  of  k  in  the 
specified  operating  range  will  be  obtained.  This  condition  must  be  satis¬ 
fied  in  order  that  the  absolute  values  of  a  be  the  same  on  the  X  .  ,  X,!  t  X, , 

mm  1  i 

and  X  waves, 

max 

By  utilizing  formula  (XIX.6.13),  and  assigning  the  minimum  permissible 
value  to  k  in  the  operating  band,  we  can  select  the  data  for  the  transformer. 
As  a  matter  of  fact,  by  assigning  the  minimum  permissible  value  to  the  travel¬ 
ing  wave  ratio,  k  .  ,  we  can  establish  the  maximum  value  for  a  corresponding 
nan 

to  it,  and  we  can  designate  that  value  as  a  .It  therefore  follows  from 

max 

formula  (XIX.6.13)  that 


a-n 
%  ? 


a  =  1-k  .  /tyk  .  . 
max  min  ’  min 


The  dependence  between  transformer  data  and  the  magnitude  of  a  can  be 
established  through  formulas  (XIX.6.7),  (XIX.6.8)  and  (XIXe 6.14).  Sub¬ 
stituting  the  values  for  R  and  X  =  X^  +  X^  from  formulas  (XIX.6.7)  and 
(XIX.6.8)  in  the  expression  for  a,  we  obtain 


where 


a  «=  pA  — <7  A*. 


(XIX.6.15) 


c  *= 


■  2 b — 

0 

q  =  be, 

1  -K*  * 
K}  * 


(XIX.6.16) 
(XIX. 6. 17) 
(XIX.6.18) 


Note  that  the  coefficients  p  and  q  do  not  depend  on  the  wavelength 


~  i  ^.o  ea 
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Let  us  designate  the  value  of  A  when  X  ■  Xj  by  A^» 


when  X  «  \  by  A  . 

max  max 

A.^,  can  be  established  from  the  condition  that 


and  the  value  ->f  A 


da/dX  «  0. 


( XIX. 6. 19) 


From  this  condition  we  find 


Taking  \  «V  X.  X  .  we  obtain 
u  *  nm  max 


(XIX.6.C0) 


where 


F  .  X  /x  .  is  thr,  operating  band  overlap, 
max  min 

Taking  formulas  (XIX.6.20)  and  (XIX.6.15)  into  consideration,  we  obtain  . 
the  following  equations 


x- 


a  , 
max’ 


“  -a 


max 


(XIX.6.21) 

(XIX.6.22) 


Solving  equations  (XIX.6.21)  and  (XXX.6.22)  for  p  and  q,  we  obtain 


3a 


max 


max 


(XIX.6.23) 


4a 


max 


( XIX. 6. 24) 


max 


Moreover,  from  formulas  (XIX. 6.16)  through  (XIX.6.18)  we  can  find 


where 


(XIX.6.25) 


(XIX.6.26) 

(XIX.6.27) 
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(c)  Example  of  transformer  calculation 
Magnitudes  specified  are  as  follows* 

Transformer  operating  band: 

X  .  =  14  m,  X  ■  70  a. 

mm  ’  max 

Characteristic  impedance: 

W  -  208  ohms,  W  «  70  ohms. 

4:  H 

The  minimum  permissible  value  of  the  traveling  wave  ratio  on  the  four- 
wire  feeder  is 

k  .  »  0*88* 

mxn 

Transformer  parameters  arc: 

(1)  operating  band  overlap 

F  =  =  7°/14  “  5; 

max  mxn 

(2)  maximum  value  of  the  generalized  detuning  of  the  circuits 
Amax  * 


(3)  maximum  absolute  value  of  the  magnitude  a 


a  »  1-k  .  /l/k~  =  1-0.88/15,88  =  0.128; 

max  mm  '  mxn 

(4)  the  coefficients  p  and  q  are 


p  =  3a  /A  =  3*0.128/1.789  =  0.213 
max  max 

q  =  4a max/A3max  »  4*0. 128/1. 7893  -  0.0895; 


(5)  the  magnitude  b  is 


ch  f  ««  1 


“max 


.  1  +•• 


8 


0,128» 


<482,6, 


from  whence  <p  »  6.84,  and 

(0'5+'hi)-S(w+d,Jf-)-°’3M- 

(6)  the  coefficient  of  coupling  between  coils  and  is 

'  q  0.0895  AB_ 

T’="o^9T“°*227, 


I 


1 


yT+c  Y 1  •+■  0,227 

(7)  the  resistance  transformation  ratio  is 

#  . 


0,903. 
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(8)  characteristics  of  the  transformer  circuits 


P1  “  Wi/b  “  208/0.394  -  525  ohms,  p^M  -  525*0.337  «  177.5  ohms; 
(9)  the  natural  wave  and  the  transformer's  natural  frequency  are 
X0  aT XminXmax  ■*Vl4*7°  “31*3  meters,  - 

«b  “  2-3.l4-3-108A0  -  1884.106/31.3  «  60*106  l/seconds. 

The  elements  of  the  transformer's  circuits  are 

■  P^*10  /<^j  “  525*108/60*108  ■  8.75  microhenries; 

C1  "  10  /u^pj  “  1012/60*108*525  *  31.8  picofarads; 

^2  “  LiM  “  8*75*0.337  B  2.94  microhenries; 

c2  "  Cj/M  31*8/0.337  *  94.2  picofarads; 

2  2 

L3  "  L2^K  ^  2.94/0.903  =  3.62  microhenries; 

c3  -  Co*K2/1-K2  =  94.2*0.9032/l-0.9032  =  4l4  picofarads. 

.  K  ' 


M 


■uiKa 


«  *  75  -i/f 

Figure  XIX. 6.4.  Dependence  of  the  traveling  wave  ratio,  k,  on  a  four- 
wire  feeder  connected  to  a  coaxial  cable  through  the 
transformer  made  in  accordance  with  the  schematic 
diagram  in  Figure  XIX.6.1.  on  the  wavelength. 

E  -  experimental  curve;  P  -  design  curve. 


to  n  6c  n  soAt> 


Figure  XIX.6.5.  Experimental  transformer  efficiency  curve  for  the 
transformer  made  in  accordance  with  the  schematic 
diagram  in  Figure  XIX.6.I0 

Figures  XXX.6.4  and  XIX. 6.5  show  the  results  of  an  experimental  ir.vesti- 
gation  of  one  model  transformer.  The  experimental  values  of  k  (fig.  X.X.6.4) 
are  somewhat  less  than  the  designed  values,  explained  by  the  losses  and  stray 
capacitances  that  were  not  taken  into  consideration  in  the  computations. 


#XIX.7»  Multiple  Use  of  Antennas  and  Feeders 

(a)  Operation  of  two  transmitters  on  one  antenna 
Operating  conditions  in  modern  radio  transmitting  centers  are  such 
that  all  too  frequently  the  development  of  radio  communications  is  limited 
by  the  limitations  of  the  antenna  field  territory.  Under  these  conditions., 
one  of  the  methods  whereby  area  can  be  saved  is  to  use  one  antenna  for  operating 
two  transmitters.  Economic  considerations  can  also  cause  this  step  to  be 
taker..  Figure  XIX.7«1  shows  the  schematic  of  the  operation  of  two  trans¬ 
mitters  on  one  antenna  when  each  of  the  transmitters  has  one  operating  wave 
U.  and  X2). 

The  principal  element  in  the  circuit  is  the  combination  stub  suggested 

>y  S.  I.  Hadenenko.  The  stub  is  short-circuited  at  both  ends  of  a  two-wire 

line  connected  to  the  feeder  (fig.  XIX. 7.2).  Total  stub  length  equals  an 

integer  of  the  half-waves  for  one  of  the  transmitters.  Let  us  designate 

this  transmitter's  wave  X^I  The  stub  is  connected  to  the  feeder  in  such  a 

way  that  the  length  of  one  of  its  sections  equals  half  t* e  operating  wave  of 

the  second  transmitter  (xo)« 

2 


Figure  XIX.7.1. 


Schematic  diagram  of  the  operation  of  two  trans¬ 
mitters  on  one  antenna  with  one  operating  wave  at 
each  transmitter ^ 


A  -  antenna;  B  -  to  transmitter. 


Figure  XIX.7.2.  Combination  stub  for  the  schematic  diagram  in 
Figure  XIX.7.1. 

b  -  point  of  connection  of  combination  stub  to 
supply  feeder. 


Under  these  conditions  the  stub  is  an  infinitely  high  resistance  on 
wave  Xx  and  a  short  circuit  on  wave  X2»  if  attenuation  is  neglected. 

The  circuit  in  Figure  XIX.7.1  function •»  at-  follows. 


W  v_ 
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When  transmitter  1  is  operating  on  wave  X stub  abc,  with  length 
n  Xx/2,  has  high  resistance  and  passes  this  wave,  with  no  marked  effect  on 
it.  Segment  tm  of  stub  k(m,  the  length  of  which  equals  Xj/2,  shorts  the 
feeder  to  the  second  transmitter.  Since  stub  kim  is  cut  in  at  distance  X^/4 
from  the  branch  point  0,  wave  Xj  reaches  the  antenna  without  having  been 
reflected  at  this  point.  When  transmitter  2  is  operating  on  wave  X2»  the 
picture  is  similar  because  the  length  of  stub  ktm  equals  n  X^/2,  and  the 
segment  ab,  of  length  Xg/2  of  stub  abc  is  connected  at  distance  Xg/4  from 
branch  point  0.  Thus,  simultaneous  operation  of  two  transmitters  on  one 
antenna  can  be  'had  without  substantial  mutual  effect  between  them. 

The  impedance  of  combination  stub  abc  on  wave  X^  equals 

Z  A  .  -  2  sin*a/„  1  (XIX.7.1) 

stub  /?,/ 

where 

W  is  the  characteristic  impedance  of  the  stub; 
is  the  resistance  per  unit  length  of  the  stub; 

t  is  the  total  length  of  the  stub; 

is  the  length  of  any  of  the  component  segments  of  n  combination 
stub. 

A  similar  expression  can  be  obtained  for  stub  ktm  when  operating  on 
.  wave  X2* 

The  less  the  difference  between  the  lengths  of  waves  X,  and  \  ,  the 

2  i 
smaller  the  factor  sin  <*1^,  and,  consequently,  the  less  zstub* 

Since  W  p  R^i,  the  impedance  of  the  stub  on  wave  X^  is  obtained  as  many 
times  that  of  the  characteristic  impedance,  dven  when  the  difference  between 
X,  and  X„  is  small.  Practically  speaking,  it  is  sufficient  if  the  lengths 

1  2  .  *  -  *n 

of  waves  \  and  X„  differ  from  bach  other *by  8  to  10%.  If  special,  large 
A  2 

diameter  conc.jctors  with  small  losses  are  used,  the  system  can  be  tuned, 
even  when  the  difference  in  the  lengths  of  waves  X^  -and  X2  i°  equal  to  5% 
and  less. 

Figure  XIX. 7.3  shows  the  schematic  diagram  of  the  operation  of  two 
transmitters  with  two  opwerating  waves  on  one  antenna.  The  basic  element 
in  the  circuit  is  th*'  combination  stub  shown  in  Figure  XIX. 7.4. 

As  will  be  seen,  an  additional  stub  has  been  connected  to  the  combination 
stub  abc,  of  length  n  X^/2  3hown  in  Figure  XIX.7.4,  at  distance  X^y2  from 
point  c.  When  attenuation  is  low  this  stub  has  no  effect  on  the  mode  of 
operation  on  waves  X^  and  X2;  that  is,  the  impedance  of  stub  \bc  does  not 
change  on  these  waves  at  point  b.  If  attenuation  is  not  taken  into  con¬ 
sideration,  it  is  possible,  by  selecting  the  length  of  the  additional  stub  de, 
to  obtain  an  impedance  of  the  combination  stub  at  point  b  equal  to  infinity 
on  wave  Xj*  Actually,  if  the  constant  reactance  is  connected  in  parallel 
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Figure  XIX<,7»3«  Schematic  diagram  of  the  operation  of  two  trans¬ 
mitters  on  one  antenna  with  two  operating  waves  at 
each  transmitter. 

A  -  antenna;  B  -  to  transmitter  1  on  operating  waves 
X-^  and  X31  C  -  to  transmitter  2  cn  operating  waves 
X2  and  X4- 


4s  n_i! 

■  rj*  - - M 


i£ZJc 


L  V  •*  ■  • 


Figure  XIX. 7*4.  Combination  stub  for  the  schematic  diagram  in 
Figure  XIX.7.3* 


with  the  reactance,  the  magnitude  of  which  can  be  changed  from  minus  infinity 
to  plus  infinity,  the  total  impedance  of  this  combination  will  change  within 
any  limits,  and  can,  in  particular,  take  a  value  equal  to  infinity.  The 
length  of  the  additional  stub,  de,  needed. for  so  doing  can  be  established  by 
computation.  The  impedance  of  the  section  of  line  ab  at  point  b  on  wave 


X^  equals 


Zl=irtg[f  <a6)]- 


(XIX.7.2) 


In  order  for  the  impedance  of  the  combination  stub  at  poire  b  on  wave 
X3  to  be  equal  to  infinity,  it  is  necessary  for  the  impedance  of  section  bd 
at  point  b  equal  Z^.  The  impedance  o£  stub  bd  at  point  b  equals 


lco5[ffH+isin[^H  ■ 


(xrx.7.3) 


v. 


v,?.* 

A 


\i‘  4 
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where 


is  the  input  impedance  of  the  two  parallel  connected  stubst  de  and 
dc.  It  can  be  established  through  formula  (XIX.7.3)  as 


h  -  r - 

if  l  ,i  i  an  j 

7rcuTcH",si"  k  H 

The  impedance  of  the  segment  of  line  dc  equals 

Z*“ilrtg[f  (dc)]‘ 


(XIX. 7. 4) 


(xix.7.5) 


The  neeaed  impedance  of  the  section  de,  and  consequently,  its 
length,  can  be  established  from  the  relationship 


Zt' 


2,  +  Z, 


(XIX. 7.6) 


from  whence 


Z4*= 

•  **  7 

*•» —  z, 


(XIX.7.7) 


Let  us  now  turn  our  attention  to  Figure  XIX. 7. 3*  Transmitter  1  is 
operating  on  waves  X,  and  ,  while  transmitter  2  is  operating  on  waves 
X2  and  X^-  The  circuit  functions  as  follows. 

Combination  stub  A^  is  taken  with  length  n  X,/2,  and  is  connected  to 
the  feeder  for  transmitter  1  at  distance  Xg/4  from  the  branch  point.  The 
position  of  bridge  ir^  on  the  additional  stub  is  selected  such  that  wave  X^ 
is  passed  freely  by  stub  A^.  The  length  of  combination  stub  A^  equals 
n  \^/2.  It  is  connected  to  the  feeder  at  a  distance  from  stub  such 
that  on  wave  X^  the  impedance  of  the  feeder  for  transmitter  1  equals  infinity 
at  the  branch  point.  This  can  obviously  be  achieved  because  on  wave  X^ 
combination  stub  A^  has  a  finite  impedance,  while  the  impedance  of  the  section 
of  the  feeder  1-3  on  wave  X^  at  point  1  can  be  that  desired  by  selecting 
the  length  of  1-3*  The  position  of  bridge  is  selected  such  that  it  provides 
for  free  passage  of  wave  X^  through  the  combination  stub  A^» 

Stubs  A^  and  A^  are  set  up  in  precisely  this  way.  The  length  cf  stub 
A2  is  taken  equal  to  n  X2/2,  while  the  pos  tion  of  bridge  m^  is  selected 
such  that  wave  is  passed  freely  by  the  stub.  The  length  of  stub  A^  is 
selected  equal  to  n  X^/2,  and  the  position  of  bridge  m0  is  selected  tc  wave 
X2  passes  freely. 

Thus,  when  transmitter  1  is  operating  on  wave  X^  or  X^»  stubs  A^  and 
A^  have  a  high  impedance  and  pass  these  waves  freely,  while  stubs  A2  and  A^ 
short-circuit  the  feeder  to  transmitter  2  and  provide  adequately  high  impedance 
of  this  feeder  at  the  branch  point. 


.  A* 
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When  transmitter  2  is  operating  on  wa'es  X2  or  X^  the  picture  is  reversed, 

and  now  stubs  A„  and  A.  pass  these  waves  while  stubs  A,  and  A„  short  the 
2  4  13 

feeder  to  transmitter  1  and  provide  a  sufficiently  high  impedance  of  this 
feeder  at  the  branch  point. 

Consideration  of  the  losses  in  the  stubs  imposes  definite  conditions  on 
the  relationships  existing  between  wavelengths  X^t  X2»  X^i  X^,  which  can.  be 
developed  in  each  concrete  case  by  introducing  the  attenuation  factor  in 
formulas  (XIX. 7-2)  through  (XIX.7.7). 

An  experimental  setting  cf  the  positions  occupied  by  the  bridges  of 
stubs  A^,  A^,  A^,  and  A^  can  be  made  by  using  an  ammeter  inserted  in  the 
combination  stub  near  the  point  where  it  is  connected  to  the  feeder.  By 
moving  bridge  m,  one  finds  the  position  of  minimum,  reading  for  the  correspond¬ 
ing  wave  on  the  ammeter. 

The  points  at  which  stubs  A^  and  A^  are  connected  can  be  established 
experimentally  in  this  same  way.  And  the  effort  is  made  to  obtain  a  current 
minimum  for  the  feeder  for  transmitter  1  when  operating  on  transmitter  2 
waves,  and  a  current  minimum  for  the  feeder  for  transmitter  2  when  operating 
on  transmitter  1  waves. 

What  should  oe  borne  in  mind  it  that  when  two  transmitters  are  working 
on  one  antenna  at  the  same  time  the  maximum  amplitude  of  field  intensity 
produced  at  some  point  on  the  antenna  is  equal  to  the  arithmetical  sum  of 
the  amplitudes  of  the  field  intensities  produced  at  this  point  by  each  of  the 
transmitters. 

(b)  Use  of  one  antenna  for  operations  in  two  directions 
The  combination  stub  shown  in  Figure  XIX.7.3  can  be  used  for  the 
simultaneous  operation  of  two  transm''tt  era  cn  one  antenna  in  different 
directions. 

Figure  XIX. 7. 5  is  an  example  of  a  circuit  for  using  a  rhombic  antenna 
for  simultaneous  operation  in  two  directions. 

When  transmitter  1  is  operating  on  waves  X^  and  X^  combination  stubs  A 
and  D  pass  these  waves,  but  stubs  B  and  C  form  a  short  circuit.  When 
transmitter  2  is  operating  on  waves  X2  and  X^  on  the  other  hand,  stubs  B 
and  C  pass  these  waves,  while  stubs  A  and  D  make  the  short  circuit. 

Rhombic  antennas  are  often  used  for  operations  at  different  times  in 
two  opposite  directions.  In  such  case  resort  is  usually  had  to  switching, 
as  shown  schematically  in  figures  XIX. 7 >6  and  XIX. 7. 7* 

Rotating  the  direction  of  maximum  radiation  l80°  is  readily  accomplished 
with  the  SG  and  2GD  antennas  by  connecting  the  supply  feeder  to  the  reflector, 
and  connecting  the  elements  for  tuning  the  reflector  to  the  antenna. 
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Figure  XIX. 7«5.  Schematic  diagram  of  the  use  of  a  rhombic  antenna  for 
simultaneous  operation  in  xwo  directions* 

A  -  iron  dissipation  line;  B  -  direction' of  radiation 
from  transmitter  1;  C  -  group  C;  D  -  direction  of 
radiation  from  transmitter  2;  E  -  group  D;  F  -  group  A; 
G  -  group  B;  H  -  to  transmitter  1  (working  waves  A;  and 
X3 ) ;  I  -  to  transmitter  2  (working  waves  X2  and  A^>. 
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Figure  XIX.7.6. 


K  nepehntmy' 

Schematic  diagram  of  the  use  of  a  rhombic  antenna  for 
operating  in  two  directions  at  dif^ .rent  times. 

A  -  direction  B;  B  -  dissipation  line;  C  -  direction  A; 
D  -  to  transmitter. 
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Figure  XIX. 7.7.  Schematic  diagram  of  switching  for  Figure  XIX.7.6. 

A  -  jumpers;  I  -  position  of  jumpers  when  operating 
in  direction  B;  II  -  position  of  jumpers  when  operating 
in  direction  A. 

(c)  Use  of  one  feeder  for  operation  on  two  antennas 
In  some  cases  the  use  of  one  feeder  for  operation  on  two  antennas 
is  of  interest.  We  will  limit  ourselves  here  to  mention  of  the  simplest 
circuit  used  when  each,  antenna  is  operating  on  one  fixed  wave. 

The  circuit  is  shown  in  Figure  XIX. 7. 8.  Combination  stub  A^,  described 
above,  is  selected  with  length  n  \^/2  (n  is  an  integer),  and  is  suspended  on 
''he  feeder  to  antenna  1  at  distance  1^/4  from  the  branch  point.  Combination 
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stub  a£  is  taken  with  length  n  X^/2  and  is  suspended  on  the  feeder  to  antenna  2 
at  distance  >.^/4  from  the  branch  point.  When  operation  is  on  wave  stub 
has  extremely  high  impedance  and  freely  passes  this  wave,  while  stub  Ag, 
because  one  of  its  segments  has  length  Xj/2,  shorts  the  feeder  to  antenna  2, 
and,  at  the  same  time,  gives  this  feeder  extremely  high  impedance  at  branch 
points.  The  picture  is  the  reverse  when  operation  is  on  wave  A,,.  Thus, 
when  operation  of  the  transmitter  is  on  wave  antenna  1  is  excited,  and 
when  the  transmitter  is  operating  on  wave  X2  antenna  2  is  excited. 


Figure  XIX, 7.8.  Schematic  diagram  of  the  operation  of  one  feeder 
for  two  antennas. 


A  -  to  antenna  1;  B  -  to  antenna  2;  C  -  to  transmitter. 


(d)  Parallel  operation  of  receivers  on  one  antenna 
Wideband  antenna  amplifiers  (ShAU)  are  usually  used  for  multiple 
use  of  receiving  antennas.  The  use  of  an  amplifier  makes  it  possible  to 
connect  a  great  many  receivers  in  parallel  to  one  antenna  through  decoupling 
resistors,  thanks  to  which  the  mutual  effect  of  the  input  circuits  of  the 
receivers  is  minimum. 

However,  there  are  still  individual  cases  when  parallel  operation  of 
several  receivers  on  one  antenna  is  done  without  the  amplifiers.  It  must  be 
remembered  that  the  use  of  antenna  amplifiers  results  in  some  deterioration 
in  the  receiving  channel.  As  a  matter  of  fact,  even  the  best  quality  ampli¬ 
fiers  will  develop  combination  frequencies,  as  well  as  the  phenomenon  known 
as  cross  modulation.  We  must  point  out  that  the  latter  can  have  a  substantial 
effect  only  in  special  cases  when  the  receiving  antenna  is  within  the  field 
produced  by  powerful  shortwave  transmitters. 

The  development  of  combination  frequencies  and  the  possibility  of  the 
development  of  cross  modulation  results  in  a  reduction  in  reception  noise 
stability.  In  no  case  can  what  has  been  pointed  out  be  the  basis  for  refusing 
to  use  antenna  amplifiers,  but  is,  nevertheless,  the  basis  for  the  appearance 
of  a  definite  interest  in  the  parallel  operation  of  receivers  without  ampli¬ 
fiers,  because  in  individual  cases  this  type  of  operation  can  prove  to  be 
desirable.  In  what  follows  wo  have  presented  an  analysis  of  parallel  opera¬ 
tion  of  receivers  without  amplifiers  taken  from  the  writings  of  A,  A.  Pistol 'kors 
This  analysis  has  in  mind  receivers  in  which  the  inputs  are  in  the  form  of 


HA»(M  m-r\M 


oscillating  circuits,  inductively  coupled  to  the  feeder  running  to  the  change¬ 
over  switch.  Circuit  parameters  and  coupling  factors  are  selected  such  that 
when  the  receiver  is  tuned  to  the  incoming  wave  its  input  resistance  will  be 
equal  to  the  characteristic  impedance  of  the  feeder.  In  the  case  of  complete 
match  between  characteristic  impedance  and  antenna  impedance,  the  power  pro¬ 
duced  at  the  receiver  input  will  equal 


P1  -  e  2/4V, 


( XIX. 7. 8) 


where 


e  is  the  effective  value  of  the  antenna  emf  equated  to  the  receiver 
input; 

W  is  the  characteristic  impedance  of  the  feeder.  . 

Let  there  now  be  a  second  receiver,  for  operation  qn  another  wave 
(fig.  XlX.7«9a),  which  we  will  connect  in  parallel  to  the  receiver  we  have 
tuned  as  discussed. 

In  the  general  case,  the  input  resistance  of  the  second  receiver  on  the 
operating  wave  of  the  first  receiver  is  complex.  Let  us  designate  this 
resistance,  recomputed  for  the  points  at  which  the  feeders  branch,  by 
Zf  =  &i  +  iX^ .  The  power  separable  at  the  input  to  the  first  receiver  is 
reduced,  the  result  of  the  effect  caused  by  the  second  receiver.  Using  the 
equivalent  circuit  for  the  parallel  connection  of  the  two  receivers  (fig. 
XIX.7.9b),  we  can  find  the  following  expression  for  the  reduced  power 


Then  the  relationship  is 


OP  ^2^,)*  + (2  IPX,)* 


4y»(*?  +  Xf) 

0P  +  2V/?l)t-H2irx,)«  * 


(XIX. 7. 9) 


(XIX.7.10) 


Designating  p  =  R^/W  and  q  *■  X^/W,  we  obtain 


P ,  ?  +  ? 

Pi  (0,5  +  rt,  +  <7’ 


(XIX.7.11) 
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Figure  XIX.7.9.  (a)  Analysis  of  the  parallel  operation  of  receivers; 

(b)  equivalent  circuit  showing  the  operation  of  two 
receivers  on  one  antenna.  A  -  receiver  1$  B  -  receiver  2. 
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Let  us  consider  the  two  extreme  cases,  when  (l)  q  <t  p  and  (2)  q  i>  p. 

The  first  case  will  obviously  occur  when  the  receivers  are  operating  on  the 
same,  or  extremely  close,  frequencies.  We  can  then  put  p  =  1,  and  the  reduction 
in  power  at  the  input  of  the  receivers  will  equal  Pg/P  =  0.45.  When  three 
receivers  are  connected  in  parallel  p  =  0.5,  and  then  Pg/P^  **  0.25  r  We  can 
similarly  compute  the  reduction  in  power  for  any  number  of  receivers  operating 
in  parallel. 

The  second  case  takes  place  during  the  operation  of  receivers  on  different 
frequencies  when  the  input  resistance  of  the  second  receiver  on  the  operating 
wave  of  the  first  receiver  can  be  taken  as  purely  reactive.  This  case  of 
parallel  operation  of  receivers  is  the  one  prevailing  in  practice.  Depending 
on  the  relationship  of  the  frequencies  and  the  lengths  of  the  feeders  con¬ 
necting  the  receivers  to  the  changeover  switch,  reactance  X^,  and  consequently 
q  =  X^/W,  can  take  every  possible  value.  The  magnitude  of  P^/P^  will,  at 
the  same  time,  change  from  0  to  1. 

The  input  resistance  of  the  interference  receiver,  when  there  is  a 
considerable  detuning  of  the  receivers,  can  be  established  by  the  impedance 
of  coupling  coil  L.  Designating  the  length  of  line  equivalent  to  this  coil 

by  1  ,  we  receive  the  following  equation  for  q 

eq 

q  =  tan  Ca(t+t  )],  (XIX.7.12) 

eq 

where 

1  is  established  from  the  expression 
eq 

tan  cri  »  ttl/W.  (XIX.7.13) 

eq 


So,  knowing  the  inductance  of  the  coupling  coil  for  the  interference 

receiver,  the  length  of  the  connection  feeder,  and  the  wavelength  on  which 

the  receiver  is  operating,  we  can,  through  formulas  (XIX.7.11)  through 

(XIX.7.13)  establish  the  reduction  in  power  at  the  receiver  input. 

The  task  of  establishing  the  mutual  effect  of  the  receiver  inputs  can 

be  simplified  considerably  if  At  is  assumed  that  the  feeders  running  from 

the  receivers  to  the  changeover  switch  have  the  same  lengths,  and  that  the 
% 

iniaciances  of  the  receiver  coupling  coils  are  equal  to  each  other.  In  this 
case  the  reduction  in  poorer  can  be  established  through  the  formula 


fi.  a  £ 

Pl  “  0,25 ’ 

where 

q  is  established  through  formula  (XIX.7.12) j 
n  is  the  number  of  receivers  connected  in  parallel. 


(XIX.7.14) 
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The  dependence  of  reduction  in  power  on  the  ratio  t+1  /X  for  a  aeries 

eq 

of  values  of  n  is  shown  in  Figure  XIX. 7. 10. 


<  •  $ 
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Figure  XIX.7.10  Dependence  of  reduction  in  power  on  the 

l+l  /X  ratio, 
eq 


The  curves  shown  provide  a  means  for  finding  that  oand  of  waves  in  which 
parallel  operation  of  the  receivers  is  possible. 

Let  us  consider  an  example.  Let  the  length,  t ,  of  a  feeder  connecting 
a  receiver  to  a  changeover  switch  equal  5  meters.  We  will  assume  the  in¬ 
ductance  of  each  of  the  coupling  coils  at  the  receiver  inputs  equals  2  micro¬ 
henries.  Using  formula  (XIX.7.13),  we  can  establish  the  fact  that  the  length, 
l will  remain  approximately  the  same  on  all  waves  in  the  shortwave  band 
and  will  equal  ~  2.5  meters. 

On  waves  satisfying  the  ratio  l+l  /\  =  n/4,  where  n  »  1,  3»  5,  •••, 

eq 

the  mutual  effect  will  be  least,  ""n  the  case  specified  this  ratio  can  be 
satisfied  on  a  wave  equal  to  30  meters. 

Let  the  reduction  in  power  be  to  the  magnitude  Pp  *  0.25  P^,  which  is 
acceptable.  Then  the  band  of  waves  within  the  limits  of  which  it  will  be 
possible  to  have  parallel  operation  of  the  receivers  will  equal 
when  n  =  2  .X  =  167  to  16.5  meters; 
when  n  =  3  X  =>  94  to  18.0  meters; 

when  n  =  4  X  =  65  to  19«5  meters; 

when  n  =  5  X  =  55.5  to  20.5  meters; 

when  n  =  6  X  =  48.5  to  21.8  meters. 

Thus,  when  the  number  of  receivers  connected  in  parallel  is  increased, 
the  band  o^  waves  within  the  limits  of  which  these  receivers  can  operate 
is  reduced.  Practically  speaking,  it  can  be  taken  that  the  use  of  one 
receiving  antenna  for  the  parallel  operation  of  three  or  four  receivers  is 
permissible.  Any  further  increase  in  the  number  of  receivers  is  not  recommended, 
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Figure  XIX. 7.11  »  Schematic  diagram  of  the  operation  of  an  antenna 
with  an  amplifier. 

A  -  feeder  to  antenna;  B  -  multiple-tuned  amplifier; 
C  -  feeders  to  receivers. 


If  the  need  to  use  one  antenna  for  a  greater  number  of  receivers  is  an 
urgent  one,  the  multiple-tuned  antenna  amplifier  should  be  used.  The 
schematic  of  the  operation  of  an  antenna  with  an  amplifier  is  shown  in 
Figure  XIX.7.11.  As' will  be  seen,  the  emf  is  fed  from  the  antenna  to  the 
amplifier.  The  receivers  are  connected  to  the  amplifier  through  decoupling 
resistors.  The  power  amplification  provided  by  the  amplifier  should  cover 
the  losses  due  to  the  branching  of  the  energy  over  n  channels  (n  is  the 
number  of  receivers),  as  well  as  the  losses  in  the  decoupling  resistors. 

The  amplfifiers  usually  amplify  a  signal  by  20  to  30  db.  The  number 
of  parallel  connected  receivers  can  be  increased  to  10  to  20.  The  decoupling 
resistors,  and  the  number  of  parallel  connected  receivers,  can  be  selected 
such  that  the  gain  in  signal  strength  is  at  least  2  to  3  db,  with  the  gain 
factor  for  the  amplifier,  and  the  losses  associated  with  the  parallel  opera¬ 
tion  of  the  receivers,  taken  into  consideration.  At  the  came  time,  there 
is  no  reduction  in  receiver  sensitivity,  practically  speaking,  because  the 
receivers  are  working  in  parallel.  The  match  between  the  input  resistance 
of  the  amplifier  and  the  feeder  should  be  a  good  one.  In  the  properly 
designed  amplifier  the  reflection  factor  for  the  input  will  not  be  in  excess 
of  0.15  (k  >  0.73). 


A 
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Figure  XIX. 7. 12.  Schematic  diagram  of  the  use  of  a  rhombic  antenna 
for  operating  in  two  opposite  directions. 

A  -  to  receiver  receiving  from  direction  r^;  B  -  to 
receiver  receiving  from  direction  r^J  C  -  decoupling 
resistors;  D  -  ShAU  (wideband  antenna  amplifier). 


A  good  match  between  amplifier  innat  and  feeder  is  particularly  important 
when  the  amplifier  is  used  with  rhombic  ';nnas  or  traveling  wave  antennas 
for  simultaneous  operation  in  two  opposite  directions  (fig.  XIX. 7. 12). 

The  input  of  the  ShAU-2  amplifier  is  the  terminating  resistance  for 
receivers  used  in  direction  r^,  while  the  input  of  the  ShAU-1  amplifier 
is  the  terminating  resistance  for  receivers  used  in  direction  r^.  A  poor 
match  between  amplifier  input  and  feeder  will  result  in  amplification  of 
noise  reception  from  the  '"»^r  half-space. 

#X1X.8.  Lightning  Protection  for  Antennas 

Lightning  protection  for  transmitting  antennas  is  provided  by  grounding 
the  antenna,  or  the  feeder.  A  point  with  zero  potential  is  chosen  for 
grounding  in  order  to  avoid  the  effect  of  grounding  on  the  operating  mode  of 
the  antenna  installation.  This  point  is  the  mid-point  of  the  bridge  in  the 
stubs  for  tuning  the  reflector  and  the  feeder  (fig.  XIX.8.1)  in  all  tuned 
antennas. 

In  those  cases  when  operation  occurs  on  a  fixed  wave,  a  two-wire  closed- 
end  line  X/4  long,  the  center  point  of  the  bridge  of  which  is  grounded,  can 
be  used  to  ground  any  antenna. 

The  ends  of  the  dissipation  line  (fig.  XIX.8.2)  can  be  grounded  in 
rhombic  antennas. 
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Figure  XIX.8.1.  Schematic  diagram  of  the  grounding  of  a  tuned 

antenna,  (a)  reflector  ground;  (b)  supply  feeder 
ground. 

A  -  to  reflector;  B  -  bridge;  C  -  tuning  stub; 

D  -  to  antenna;  E  -  stub  for  tuning  feeder. 
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Figure  XIX.8.2.  Schematic  diagram  of  grounding  of  dissipation 
line. 

A  -  to  antenna;  B-  dissipation  line;  M  -  bridge. 
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The  center  point  of  the  shunt  in  shunt  dipoles  is  grounded. 

In  addition  to  permanently  made  grounds,  switches,  installed  in  the 
feeder  lead-ins  to  the  transmitter  building,  can  be  used.  These  switches 
disconnect  the  feeder  from  the  transmitter  output  and  ground  the  feeder 
len  the  antenna  is  not  in  use. 

Lightning  arrestors,  installed  in  the  lead-ins  of  feeders  into  the  re¬ 
ceiver  buildings,  or  right  on  the  antenna  changeover  switch  panels,  are  used 
with  receiving  antennas,  and  these  are  in  addition  to  the  methods  already 
described. 

The  arrestors  are  dischargers,  one  end  of  which  is  connected  to  the 

* 

feeder  conductors,  the  other  end  to  ground.  Chokes,  connected  in  parallel, 
are  used  to  leak  off  the  static  charges  which  pile  up  in  the  antenna  system. 
The  choke  impedance  should  be  5  to  10  times  greater  than  the  feeder's 
characteristic  impedance  over  the  entire  operating  band. 

Figure  XIX. 5 .2  shows  the  schematic  of  the  lightning  protection  provided 
for  a  receiving  antenna.  The  data  on  one  variant  of  the  induction  coils 
is  as  follows: 

number  of  turns  n  =  100; 

wire  diameter  d  =  0.4  to  0.5  mm; 

coil  diameter  D  =  12  mm; 

length  of  coil  t  =  60  mm,  wound  continuously,  with  copper  wire 
PEShO,  inductance  L  -  22  microhenries. 

The  lightning  arrestors  are  gas-filled  dischargers,  RA-350. 

#XIX.9.  Exponential  Feeder  Transformers 

There  are  a  number  of  cases  when  the  input  resistance  of  shortwave 
multiple-tuned  antennas  differs  considerably  from  the  characteristic  impedance 
of  the  supply  feeders.  For  example,  the  input  resistance  of  a  rhombic 
receiving  antenna  is  approximately  700  ohms,  whereas  the  characteristic  im¬ 
pedance  of  the  supply  feeder  for  this  antenna  is  208  ohms.  In  such  cases, 
exponential  and  step  feeder  transformers  (see  Chapter  II)  are  used  to  match 
the  antenna  with  the  feeder. 

Feeder  transformers  are  also  used  for  matching  individual  elements 
of  distribution  feeders  of  complex  multiple-tuned  antennas.  Let  us  pause 
to  consider  the  arrangement  of  exponential  feeder  transformers. 

Exponential  feeder  transformers  are  lines,  the  characteristic  impedance 
of  which  changes  in  accordance  with  an  exponential  law,  that,  is,  in 
accordance  with  the  e  law  (fig.  XIX.9.1),  where  b  is  a  constant  (positive, 
or  negative).  Chapter  II  contains  an  explanation  of  the  theory  of  these 
Hues. 

The  characteristic  impedance  of  a  feeder  transformer  is  made  equal  to 
the  load  resistance  at  one  end,  and  to  the  characteristic  impedance  of  the 
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Figure  XIX. 9.1.  Principal  schematic  diagram  of  an  exponential  feeder 
transformer. 


feeder  connected  to  it  at  the  other  end.  To  obtain  a  good  match  over  a  wide 
band  of  waves,  the  length  of  the  feeder  transformer  should  be  at  least  some 
magnitude,  J,  established  through  formula  (11.5*5) • 

By  assigning  the  necessary  values  to  the  reflection  factor,  p,  we  can 
establish  b  and  t . 

Figure  XIX. 9. 2  shows  the  schematic  of  a  two-wire  feeder  transformer 
with  a  transformation  factor  W^/W^  =  700/350  *  2,  designated  the  TF2  700/350. 
The  dimensions  shown  in  Figure  XIX. 9.2  are  in  millimeters. 
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Figure  XIX. 9. 2.  Exponential  feeder  transformer  TF2  700/350. 

A  ends  -  to  system  with  high  characteristic  impedance; 
B  ends  -  to  system  with  low  characteristic  impedance. 


The  TF2  700/350  transformer  is  used  to  match  a  single  rhombic  receiving 
antenna  with  a  feeder,  and  is  made  of  3  mm  diameter  copper  wire.  The  trans¬ 
former  is  positioned  vertically,  and  is  at  the  same  time  a  downlead.  The 
distances  between  the  wires,  shown  in  Figure  XIX.9.2,  are  maintained  by 
spreaders  made  of  insulating  material. 

Transformer  length  is  established  by  the  height  at  which  the  antenna  is 
suspended.  When  it  is  desirable  to  have  the  length  of  the  transformer 
longer  than  antenna  height  it  can  be  located  horizontally,  in  part,  on  the 
feeder  supports. 

Figure  XIX.9.3  shows  a  four-wire  crossed  feeder  transformer  wit- 
transformation  ratio  of  W ,/W  “  340/208  *  1.6,  designated  the  TF4P  34c,“',08. 

The  transformer  is  usually  made  of  bimetallic  wire  with  diameter 
d  «  1.5  mm,  and  design-swise  is  a  straight  line  extension' of  the  standard 
receiving  feeder  with  a  characteristic  impedance  of  208  ohms. 
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Figure  XIX.9.3*  (a)  Exponential  feeder  transformer  TF4P  340/208? 

A  ends  -  to  standard  four-wire  receiver  feeder; 
1-1  -  supply. 


c 


Figure  XIX.9.4,  Exponential  feeder  transformer  TF4  300/600. 

a-a  -  metallic  jumper;  A  ends  -  to  system  with  high 
characteristic  impedance;  B  ends  -  to  system  with 
low  characteristic  impedance;  A  -  feeder  cross 
section  through  M-M. 

The  length  of  a  feeder  transformer  is  selected  according  to  the  maximum 
wave  in  the  operating  band  in  accordance  with  formula  (II. 5. 5).  The  distances 
between  spreaders  j  is  selected  as  2  to  3  meters.  The  transformer  is 
positioned  horizontally  on  conventional  feeder  supports. 

The  TF4P  transformer,  in  combination  with  the  above-described  TF2 
transforme. ,  matches  the  input  esistance  of  a  single  rhombic  receiving 
antenna  with  the  characteristic  impedance  of  a  standard  four— wire  receiving 
feeder .  With  some  shortening  on  the  high  characteristic  impedance  side  it 
can  a)  so  be  used  to  match  the  input  resistance  of  a  twin  rhombic  receiving 
antenna,  or  of  a  traveling  wave  antenna,  with  the  receiving  feeder  (see 
chapters  XIII  and  XIV). 


Figure  XIX.9.4  shows  a  four-wire  feeder  transformer  with  a  transformation 
ratio  V./U2  =  300/600,  designated  the  TF4  300/600.  The  transformer  is 
positioned  horizontally  on  feeder  supports.  Each  pair  of  conductors  in  the 
same  vertical  plane  is  connected  by  metal  jumpers.  The  distance  between  the 
two  planes  formed  in  this  manner  is  kept  constant  and  equal  to  300  to 
400  mm. 

The  TF4  300/600  transformer  can  be  used  to  match  a  twin  rhombic  trans¬ 
mitting  antenna  and  a  multiple-tuned  balanced  transmitting  dipole  with  a  twin- 
conductor  feeder  (see  chapters  IX  and  XIII). 

The  use  of  a  line  with  smoothly  changing  characteristic  impedance  for 
matching  multiple-tuned  antennas  was  first  suggested  and  realized  by  the 
author  in  1931. 

In  concluding  this  section,  we  should  note  that  the  step  feeder  trans¬ 
formers  described  in  Chapter  II  are  much  shorter  than  exponential  feeder 
transformers  for  a  specified  band  of  waves  and  a  specified  maximum  value 
for  the  reflectior  factor. 
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Chapter  XX 

TUNING  AND  TESTING  ANTENNAS 

#XX.l.  Measuring  Instruments 
(a)  Measuring  loop 

This  paragraph  will  review  a  measuring  instrument  widely  used  in 
practice  to  tune  and  test  shortwave  antennas.  Primary  attention  will  be 
given  to  a  simple  instrument  made  right  in  the  radio  centers. 

A  so-called  measuring  loop,  a  two-conductor  line  X/4  long  (fig.  XX.l.l) 
short-circuited  on  one  end,  is  used  to  measure  feeder  potentials  and  voltages. 
A  high-frequency  ammeter  is  inserted  in  the  short-circuited  end  of  the 
loop,  and  its  readings  are  proportional  to  the  voltage  applied  to  the  loop 
across  points  a  and  b. 


Figure  XX.l.l.  Schematic  diagram  of  the  connection  of  a  measuring 
loop  for  measuring  voltage. 

A-A  -  feeder. 


'{ 

¥, 


The  input  resistance  of  the  measuring  loop,  that  is,  the  resistance  at 
points  ab  (see  formula  1.12.3),  equals 


ab 


=  W2,  /R  +  0.5  R,  , 

loop  a mm  loop 


(XX.l.l) 


where 


^loop  characteristic  impedance  of  the  loop; 

R  is  ammeter  resistance. 


R.  =  R,i, 
loop  1 

where 

R^  is  the  resistance  per  unit  length  of  the  loop; 
t  is  the  length  of  the  loop. 

The  characteristic  impedance  of  the  loop  is  on  the  order  of  hundreds 
of  ohms,  while  the  resistance  of  the  instrument  and  loop  conductors  is  on 
the  order  of  units  of  ohms.  Consequently,  the  input  resistance  of  the  loop 
is  extremely  high  (on  the  order  of  tens  of  thousands  of  ohms),  a  condition 
necessary  in  order  to  measure  voltage. 
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The  voltage  across  the  feeders  measured  by  the  loop  (the  difference  in 
potentials  between  the  feeder  conductors)  can  be  established  through  the 
formula 


where 


U  a  IV. 


loop 


(XX.1.2) 


I  is  the  current  read  on  the  ammeter  inserted  in  the  loop* 

The  loop  is  connected  to  the  feeder  as  shown  in  Figure  XX.1.1,  in  order 
to  measure  the  voltage. 

The  measuring  loop  can  also  be  used  ~to  measure  conductor  potential. 

One  terminal  of  the  loop  (fig.  XX.1.2)  is  touched  to  the  conductor.  The 
ammeter  reading  in  this  case  is  proportional  to  twice  the  conductor  potential 
because  a  potential  equal  in  magnitude,  and  opposite  in  sign  to  the  conductor 
potential  is  automatically  established  at  the  second  terminal  of  the  loop 
(terminal  b).  Thus,  the  conductor  potential  can  be  established  through  the 
formula 

V  “  1/2  ^loop* 


Figure  XX.1.2. 


Schematic  diagram  of  the  connection  of  a  measuring 
loop  for  measuring  conductor  potential. 


When  out  of  phase  and  in-phase  waves  are  present  on  the  feeder  the 
measuring  loop  can  establish  the  potential  of  each  of  these  waves,  as  well 
as  the  phase  displacement  between  them.  The  conductor  potential,  and  the 
potential  difference  between  them,  is  measured  for  this  purpose. 

The  sought-for  potentials  can  be  established  through  the  formulas 


V 

out 


=  1/2  IV,  , 
12  loop’ 


(XX.1.4) 


m 


Wloop/2’ 


(xx. 1.5) 


cos  9  = 


/t  — /; 


(xx.1.6) 


where 

V©ut  *3  the  out  of  phase  wave  potential; 
is  the  in-phase  wave  potential; 

<p  is  the  phase  angle  between  the  out  of  phase  and  in-phase  waves; 

1^  is  the  ammeter  reading  when  the  loop  is  connected  to  conductor  1; 
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^2  *s  reading  when  the  loop  is  connected  to  conductor  2; 

^2  arweter  reading  when  the  loop  is  connected  to  both 

conductor  a  simultaneously. 

If  only  the  out  of  phase  wave  is  present  on  the  feeder  (and  this  is 
customarily  what  is  attempted)  all  three  measurements  will  be  the  same,  that 

iS’  *1  "  *2  "  I12* 

The  measuring  loop  used  for  measurements  on  transmitting  antenna  feeders 
can  be  made  of  copper  wire,  or  of  stranded  conductors,  2  to  4  mm  in  diameter. 
The  distance  between  the  loop  conductors  is  100  to  400  mm.  Spreaders,  made 
of  an  insulating  material  and  installed  1  to  2  meters  apart,  are  used  to 
keep  constant  the  distance  between  the  conductors. 

The  loop  terminals  are  in  the  form  of  hooks  connected  to  an  insulator, 
and  these  are  used  to  connect  the  loop  to  the  line  conductors.  The  insulator 
can  be  mounted  on  a  wooden  holder  1.5  to  3  meters  long.  The  ammeters  are 
mounted  on  the  wooden  holders,  or  on  some  other  insulating  material.  One 
loop  design  is  shown  in  Figure  XX. 1.3. 

Kpo-iMti  '  A 


Ihonupyiouwe 


\nvummop  B 


— JlcpeSPmnM  p 
icpvaamtt*  ^ 

Jlcfi xamcto  4m 
nepMoauntputwpa 

E 


Figure  XX. 1.3.  Variant  in  the  design  of  a  measuring  loop. 

A  -  hooks;  B  -  insulator;  C  -  insulating  spreader; 

D  -  woodon  holder;  E  -  holder  for  thermocouple  ammeter. 


The  measuring  loop  used  for  taking  measurements  on  receiver  feeders  and 
antennas  is  also  usually  made  of  a  two-wire  copper  or  bimetallic  conductor 
1.5  mm  in  diameter. 

The  distance  between  conductors  is  4  to  5  cm.  The  terminals  are  four 
hooks.  The  hooks,  located  crosswise,  are  interccnnected.  During  measure¬ 
ments  the  hooks  ar6  attached  to  all  four  feeder  conductors,  with  the  result 
that  the  distance  between  feeder  conductors  is  retained.  A  general  view  of 
the  measuring  loop  for  a  four-wire  receiving  feeder  is  shown  in  Figure  XX. 1.4. 
(b)  Milliammeter  with  series-connected  capacitances 
A  thermal  milliammeter,  or  a  thermocouple  milliammeter,  inserted 
between  the  feeder  conductors  through  a  low-capacity  condenser  (fig.  XX.1.5) 
can  also  be  used  to  measure  the  voltage  across  feeders. 


--  . . 
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Figure  XX. 1.4.  Schematic  diagram  of  the  connection  of  a  measuring 
loop  to  a  four-wire  crossed  feeder. 


ST 

sir-w* 

r^iv 

0 

c. 

, 

Figure  XX.1.5.  Thermocouple  milliammeter  with  series-connected 

capacitances  (C^)  for  measuring  the  voltage  across 
a  two-conductor  feeder,  A. 


The  capacitances  of  condensers  are  selected  such  that  the  instrument 
resistance  is  much  greater  than  the  equivalent  resistance  of  the  feeder  at 
xhe  measurement  site.  The  maximum  equivalent  resistance  of  the  feeder  is 
obtained  at  a  voltage  loop,  and  equals  W/k.  In  practice  the  capacitance  of 
condensers  should  be  on  the  order  of  unity,  or  tenths  of  a  picofarad. 

The  instrument  described  can  also  be  used  to  obtain  conductor  potential 
readings.  When  potential  is  measured  the  instrument  is  connected  to  the  con¬ 
ductor  as  shown  in  Figure  XX.1.6.  What  has  to  be  remembered,  however,  is 
that  instrument  readings  are  proportional  to  the  conductor  potential  being 
measured  only  if  its  capacitance  coupling  with  the  other  feeder  conductor 
can  be  neglected. 

/  "x/ 


Figure  XX.1.6.  Schematic  diagram  of  how  the  potential  on  a  con¬ 
ductor  is  measured  with  the  meter  sketched  in 
Figure  XX.1.5- 
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Figaro  XX,  1.7.  Thermocouple  milliamraeter  with  cat  whiskers  (C) 
for  measuring  the  difference  in  potentials  on  a 
two^eondoctor  feeder,  A.  B  -  insulator. 


It  is  convenient  to  use  a  milliammeter  with  series-connected  condensers 
to  make  measurements  in  the  region  of  the  longest  waves  in  the  shortwave 
band,  where  the  use  of  a  measuring  loop  is  inconvenient  because  of  its 
extreme  length. 

A  second  type  of  voltage  measurement  instrument  is  shown  in  Figure  XX. 1,7. 
The  coupling  with  the  feeder  is  through  a  capacitance  between  cat  whiskers  C 
and  the  feeder,  conductors  A. 

(c)  The  resonant  circuit 

An  instrument  consisting  of  an  LC  tank  and  a  thermocouple  milli¬ 
ammeter  (fig.  XX.1.8),  can  be  used  to  measure  conductor  potentials.  A 
lead  with  a  hook,  used  to  connect  the  instrument  to  the  feeder,  is  connected 
to  tank  output  a,  through  a  small  capacitance,  ,  on  the  order  of  a  few 

tenths  of  a  picofarad.  The  tank  output,  b,  is  connected  to  metal  shield  A, 
to  which  the  tank  is  connected.  Note  should  be  made  of  the  fact  that  maximum 
instrument  resistance  is  obtained  when  the  tank  is  tuned  to  resonance  with  a 
wave  somewhat  longer  than  the  operating  wave. 


/fl, 


Figure  XX.1.8.  Measuring  circuit  with  tuned  LC  circuit  for 
measuring  potentials  on  conductors. 

A  -  shield;  B  -  holder. 


The  tank  is  a  step-up  current  transformer  for  the  current  flowing  in 
the  linear  chain  of  the  instrument,  so  low  response  current  measuring  devices 
can  be  used. 

Instrument  readings  are  proportional  to  the  potential  difference  estab¬ 
lished  between  the  points  of  measurement  on  conductor  and  shield. 


The  shield  is  a  box  measuring  about  10  x  15  x  20  cm.  The  lead  connecting 
tank,  capacitance,  C^,  and  hook  is  a  part  of  the  shield  and  is  in  the  form  of 
a  tube  about  1  meter  long. 

(d)  Instruments  for  measuring  the  current  flowing  in  conductor* 


The  current  flowing  in  antennas  and  feeders  can  be  measured  by 
connecting  a  thermocouple  ammeter  in  the  conductor.  This  method  is  only 
suitable  for  measuring  the  current  at  individual  points  however,  because 
the  conductors  must  be  cut  to  insert  the  meter. 


sr~ 

i  f 


Figure  XX. 1.9.  First  variant  of  a  circuit  for  measuring  the 
current  flowing  in  a  conductor. 

A  ■  wire  loop;  B  -  holder. 


Figure  XX. 1.10.  Second  variant  of  a  circuit  for  measuring  the 
current  flowing  in  a  conductor. 

A  -  wire  with  hooks;  B  -  holder. 

Small  loops  (fig.  XX.  1.9)  are  used  to  measure  current  distribution  on 
conductors.  The  loop  is  mounted  on  a  holder  made  of  a  dielectric  and  is  hung 
on  the  conductor  by  the  hooks  connected  to  it. 

A  variable  condenser  can  be  inserted  in  the  loop  circuit  to  increase 
response,  and  is  used  to  tune,  the  loop  to  the  operating  wave. 

Instrument  readings  are  proportional  to  the  current  flowing  in  the  con¬ 
ductor  over  section  dd.  The  length  of  section  dd  must  be  taken  as  extremely 
small  compared  with  the  wavelength. 

Another  circuit  used  to  measure  current  distribution  is  shown  in 
Figure  XX. 1.10.  In  this  circuit  the  milliammeter  is  connected  directly 
into  the  conductor  by  the  cat  whisker  and  hooks.  The  necessary  response 
of  the  milliammeter  can  be  established  through  the  relationship 


where 


"  VZc 


(XX. 1.7) 


If  is  the  current  flowing  in  the  conductor; 

is  the  impedance  of  the  conductor  over  section  dd; 

Z  is  the  impedance  of  the  milliammeter  and  the  cat  whisker  connected 
conn 

to  it. 
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(e)  Electric  field  intensity  indicator 

A  special  device  which  measures  electric  field  intensity  pear  an¬ 
tennas,  not  only  in  relative,  but  in  absolute  magnitudes  as  well,  is  used  to 
measure  electric  field  intensity  when  tuning  shortwave  antennas.  It  is  not 
the  task  of  this  book  to  describe  this  device,  but  wo  have  included  a  des¬ 
cription  of  a  simple  field  intensity  indicator  in  what  follows  since  it  is 
used  in  transmitting  stations  for  different  types  of  checks  made  to  deter¬ 
mine  if  antennas  are  operating  properly. 

This  electric  field  intensity  indicator  usually  consists  of  a  balanced 
dipole  2  to  3  meters  long  connected  to  a  tank  with  a  thermocouple  and  galvano¬ 
meter  (fig.  XX.l.ll).  If  greater  response  is  required  of  the  instrument  a 
detector,  or  a  cathode  voltmeter  can  be  used  instead  of  the  thermocouple. 


Figure  XX.l.ll.  Electrical  field  intensity  indicator. 

A  -  thermocouple. 

It  is  desirable  to  tune  the  tank  to  a  wave  somewhat  different  from  the 
operating  wave  in  order  to  increase  the  stability  of  readings  taken  by  the 
portable  instrument. 

The  indicator's  dipole  is  positioned  horizontally  when  measuring  the 
field  strength  of  horizontal  antennas,  and  is  positioned  vertically  when 
measuring  the  field  strength  of  vertical  antennas. 

(f )  Measurement  of  the  traveling  wave  ratio 

Measurement  of  the  traveling  wave  ratio,  k,  on  a  feeder  is  made  by 
one  of  the  voltage  indicators  described  above.  The  following  relationship 
is  used  for  the  purpose: 


k 


U  /U, 

node  loop 


» 


where 


U  .  is  the  voltage  measured  at  a  voltage  node: 
node 

U,  is  the  voltage  measured  at  a  voltage  loop, 
loop 

If  there  is  a  sharply  defined  standing  wave  on  the  feeders,  and  measure¬ 
ment  of  the  voltages  at  the  node  and  loop  using  the  same  instrument  is 
difficult,  the  following  relationship  can  be  used  to  determine  k: 


k  ■- 


_ sin  a  z _ 

/  (‘ to)’-”*"' 


( XX. 1.8) 


where 


U  is  the  voltage  measured  at  distance  z  from  the  node, 
z 

The  traveling- wave  ratio  can  also  be  measured  by  using  the  reflectometer 
suggested  by  Pistol'kors  and  Keyman.  The  reflectometer  operating  principle 
is  explained  by  the  circuitry  sketched  in  Figure  XX.1.12.  The  principal 
part  of  the  circuit  is  'the  small  piece  of  line  terminated  at  both  ends  by 
resistances  equal  to  its  characteristic  impedance.  In  series  with  the  re¬ 
sistances  at  each  end  of  the  line  are  thermocouple  railliammeters,  or  thermo¬ 
couples  with  galvanometers.  The  instrument  is  set  up  parallel  to  the  supply 
feeder  and  in  direct  proximity  to  it. 


A 

C 


nadaunu.nn  Soiwa. 
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Figure  XX.1.12.  Schematic  diagram  of  a  reflectometer  for  measuring 
the  traveling  wave  ratio  on  a  feeder. 

A  -  incident  wave;  B  -  reflected  wave;  C  -  to 
transmit cer;  D  -  to  antenna. 


Current  1^,  read  on  milliammeter  A^  which  is  connected  into  the  trans¬ 
mitter  side,  is  proportional  to  the  incident  wave  current  on  the  supply 
feeder,  while  current  1^,  read  on  milliammeter  A^  connected  into  the  antenna 
side,  is  proportional  to  the  reflected  wave  (see  Appendix  8).  When  th >  mode 
on  the  feeder  is  that  of  the  traveling  wave,  current  I  equals  zero. 

=  Ig  for  the  pure  standing  wave. 

The  traveling  wave  ratio  on  the  feeder  is  established  through  the 
relationship 


where  \p\= 


k  =  • 

i  +  \p\  ’  | 


(g)  Power  measurement 

Feeder  power  can  be  found  by  measuring  the  voltage  at  the  node  (U  .  ) 

node 

and  at  the  loop  (U,  ), 

loop  ’ 


u  „  u  A*. 

node  loop  f 


(XX. 1.9) 


^node  ^loop  can  measuret*  by  a  measuring  loop.  Feeder  power  can 
also  be  found  by  using  the  instrument  developed  by  B.  G.  Strausov,  and 
which  is  similar  to  the  reflectometer  described  above.  Actually,  the  readings 
of  instrument  A^  (fig.  XX.1.12)  is  proportional  to  the  incident  wave  current 
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flowing  in  the  feeder,  while  the  readings  of  instrument  A^  are  proportional 
to  the  reflected  wave  current  flowing  in  the  feeder. 

Thus,  the  feeder  power  can  be  found  through  the  formula 


where 

I,  and  1„  are  the  current  readings  from  instruments  A ,  and  A.; 

12  2  i 

AI  is  the  incident  wave  power; 

2 

AI  is  the  reflected  wave  power; 

a 

A  is  the  proportionality  factor,  fixed  when  the  measuring  device 
is  calibrated. 

(h)  Local  oscillators 

Low  power  local  oscillators  (up  to  1  or  2  watts)  can  be  used  for 
receiving  antenna  excitation  during  measurements.  Local  oscillator  output 
must  be  balanced  if  it  is  connected  to  a  balanced  feeder.  The  output  can 
be  balanced  by  making  the  local  oscillator  in  the  form  of  a  push-pull  circuit. 
The  coupling  to  the  feeder  can  be  by  autotransformer,  or  by  induction.  In 
the  latter  case  an  electrostatic  shield  must  be  installed  between  the  output 
circuit  of  the  local  oscillator  and  the  feeder  coil.  The  output  stage  of  the 
local  oscillator  can  be  single-cycle  when  an  electrostatic  shield  is  used. 

As  the  antenna  is  tuned  the  load  on  the  local  oscillator  changes,  and 
this  can  cause  instability  in  its  frequency  and  output.  This  can  be 
avoided  by  tuning  with  minimum  coupling  between  local  oscillator  and  feeder. 


* 


#XX.2.  Tuning  a 'id  Testing  Antennas.  Timing  a  Feeder  to  a  Traveling 
Wave.  _ ______________ 

(a)  Tuning  and  testing  a  balanced  horizontal  dipole. 

General  remarks.  Antennas  are  timed  and  tested  prior  to  being  put 
into  operation,  as  well  as  periodically  during  operation  and  after  repair 
and  adjustment. 

An  external  inspection  of  antenna  and  feeders  is  made  prior  to  the 
electrical  check  and  tuning.  Checked  at  the  same  time  is  proper  connection 
of  individual  antenna  elements  to  each  other,  insulation,  and  other  items. 

Tuning  and  testing  a  balanced  horizontal  dipole  involves  checking  the 
insulation,  checking  and  adjusting  balance,  tuning  the  reflector,  and  tuning 
the  feeder  to  the  traveling  wave. 

In  the  case  of  a  multiole-tuned  balanced  dipole,  where  special  tuning 
of  the  feeder  to  the  traveling  wave  is  not  required,  the  match  of  antenna  to 
feeder  is  checked. 

Insulation  check.  A  megohmmeter  is  used  to  check  insulation. 
Leakage  resistance  of  each  conductor  to  ground  and  leakage  resistance  between 
the  conductors  can  be  checked  in  this  way. 


Antenna  and  feeder  insulation  can  be  considered  satisfactory  if  the 
leakage  resistance  between  conductors,  or  from  each  conductor  to  ground,  is 
at  least  equal  to  the  permissible  leakage  resistance  for  one  insulator  (or 
group  of  insulators) ,  divided  by  the  total  number  of  insulators  (or  groups  of 
insulators)  installed  in  the  feeder  and  antenna. 

It  is  desirable  to  make  an  insulation  check  not  only  during  dry  weather, 
but  when  it  is  raining  as  well.  Standards  for  leakage  per  insulator,  or 
group  of  insulators,  should  be  specified  in  each  individual  case. 

Balance  check.  Antenna  systems  are  balance  checked  on  operating 
waves,  and  in  the  case  of  multiple-tqhed  dipoles  on  the  extreme  waves  in  the 
band.  A  measuring  loop  one-quarter  the  operating  wave  in  length  is  used  to 
measure  feeder  potential.  The  loop  is  first  connected  to  one  feeder  con¬ 
ductor  by  a  hook,  then  to  the  second  conductor,  and  then  both  hooks  are 
connected  to  both  feeder  conductors.  All  three  measurements  are  made  on  the 
same  feeder  section.  If  the  meter  reads  the  same  for  all  three  measurements 
the  feeder  and  antenna  are  in  balance.  These  measurements  are  made  at  two 
points  \/4  apart. 

If  the  meter  readings  taken  during  this  procedure  differ,  the  feeder  is 
carrying  an  out  of  phase,  as  well  as  an  in-phase  wave.  Presence  of  an  in- 
phase  wave  indicates  an  unbalance  in  the  antenna  system,  or  at  the  transmitter 
output . 

To  ascertain  just  where  the  unbalance  is  (in  the  transmitter,  or  on  the 
antenna)  cross  the  feeder  conductors  at  the  points  where  they  are  connected 
to  the  transmitter  output  circuit.  If  the  difference  in  indicator  readings 
remains  the  same,  but  the  readings  on  the  first  and  second  conductors  are  re¬ 
versed,  the  unbalance  is  at  the  transmitter  output. 

If  the  unbalance  remains  unchanged  the  unbalance  is  in  the  antenna 
system. 

In  this  latter  case  the  nature  of  tho  unbalance  must  be  established. 

This  is  done  by  checking  tho  distribution  of  potentials  along  each  feeder  con¬ 
ductor  and  establishing  the  unbalance  factor  through  the  formula 


where 

is  the  potential  of  one  conductor  at  the  potential  loop 
V2  is  the  potential  of  the  second  conductor  at  this  same  section. 

Let  us  take  the  following  example  in  order  to  clarify  the  principle 
involved  in  the  unbalance.  The  transmitter  power,  and  its  coupling  with  the 
feeder,  is  reduced.  A  short-circuiting  bridge  (fig.  XX.2.1)  is  used  to 
short  the  feeder  near  the  antenna,  and  once  again  an  unbalance  check  is  made. 
If  the  unbalance  disappears,  the  antenna  is  at  fault.  Causes  of  imbalance  can 
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include  damage  to  insulators,  different  lengths  in  the  balanced  halves  of  the 
antenna,  etc.  If  the  unbalance  does  not  disappear,  moving  the  short-circuiter 
along  the  feeder  can  readily  establish  the  site  of  the  unbalance. 

M 


IjS 

i 

Figure  XX. 2.1.  Bridge  (M)  for  short-circuiting  a  two-conductor 
feeder.  B  -  bridge  holder. 


A 

il 

Figure  XX. 2. 2.  Loop  for  eliminating  unbalance. 

Feeder  potential  is  checked  once  again  when  the  causes  of  the  unbalance 
have  been  eliminated.  The  antenna  and  feeder  can  be  considered  to  be  adequately 
balanced  if  the  unbalance  factor  is  not  in  excess  of  10  to  15%. 

The  unbalance  caused  by  an  unbalance  at  the  transmitter  output  can  be 
weakened  substantially  when  the  operation  is  on  one  fixed  v/ave  by  using  a  x/4 
long  short-circuiter  at  the  end  of  the  line  connected  to  the  feeder  in  the 
immediate  vicinity  of  the  transmitter  (fig.  XX.2.2).  This  line  has  an  extremely 
high  resistance  with  respect  to  an  out  of  phase  '  ave,  and  an  extremely  low 
resistance  with  respect  to  an  in-phase  wave.  , 

The  balance  of  an  antenna  system  can  also  be  checked  foy  using  the  measuring 
devices  described  above  for  measuring  potential  and  current!  These  devices 
can  be  used  to  plot  the  curves  of  potential,  or  current,  distributions  on 

I. 

either  of  the  feeder  conductors  and  in  this  way  establish  the  ddgree  of 
unbalance. 

Tuning  the  reflector  and  tuning  the  feedc .  ^  the  traveling  wave. 
Tuning  the  reflector  and  tuning  to  the  traveling  wave  on  a  feeder  for  a 
balanced  horizontal  dipole  is  no  different  from  similar  timing  done  for  the 
SG  antenna,  as  will  be  described  in  what  follows.  The  traveling  wave  ratio 
on  the  operating  waves  should  be  checked  in  the  case  of  the  multiple-tuned  ■ 
balanced  dipole.  Ordinarily  the  match  of  feeder  to  multiple-tuned  dipole  can 
be  considered  satisfactory  if  the  traveling  wave  ratio  on  the  operating  waves 
is  at  least  0.5.  There  are  individual  cases  when  it  in  permissible  to  reduce 
the  traveling  wavo  ratio  to  0.3  to  0.4. 
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(b)  Tuning  and  testing  the  broadside  array  (SG) 

Procedure  for  tuning  and  testing  the  SG  antenna.  The  following  is 
the  procedure  used  to  tune  and  test  the  SG  antenna.  Check  the  antenna  in¬ 
sulation.  Check  the  reflector  insulation.  Check  the  feeder  insulation. 

Check  the  switching  used  for  the  distribution  feeders  to  the  antenna  and 
reflector.  Check  the  antenna  system  balance.  Check  the  balance  of  the  dis¬ 
tribution  feeders  to  the  antenna  and  reflectors.  Tune  the  reflector.  Tune 
the  feeder  to  the  traveling  wave.  The  final  stage  can  be  the  pattern 
measurement. 

Insu] ation  check.  Insulation  is  checked  in  a  menner  similar  to 
that  used  to  check  the  insulation  of  a  balanced  dipole.  The  insulation  of 
the  antenna,  together  with  the  supply  feeder  ar  1  reflector  should  be  checked. 

Switching  check.  This  check  involves  a  determination  of  proper  inter¬ 
connection  of  the  distribution  feeders.  It  must  be  ascertained  that  all 
right-hand  conductors  of  the  downleads  from  each  section  are  connected  to 
one  feeder  conductor  (or  to  the  loop  for  tuning  the  reflector),  and  that 
all  the  left-hand  conductors  are  connected  to  the  other  supply  feeder  conductor 
(or  to  the  loop  for  tuning  the  reflector).  Figure  XX.2.3  shows  examples  of 
correct,  and  incorrect,  ways  to  connect  distribution  feeders. 


Figure  XX.2.3.  Connecting  distribution  feeders,  (a)  correct; 
(b)  incorrect. 


Balance  check.  Antenna  system  balance  is  checked  in  the  same  way 
that  the  balanced  dipole  is  checked.  A  balance  check  should  be  made  not  only 
of  the  supply  feeder  conductors,  but  also  of  the  conductors  in  the  loop  for 
tuning  the  reflector. 

Balancing  the  supply  from  the  distribution  feeders  involves  providing 
uniform  distribution  of  the  power  developed  across  the  antenna  to  all  sections. 
Equality  between  voltages  (or  currents)  across  the  distribution  feeders 
branching  from  a  common  point  can  be  used  as  the  criterion  that  the  uni¬ 
formity  wixh  which  power  is  distributed  is  adequate.  Described  in  what  follows 
is  the  methodology  used  for  balancing,  as  applicable  to  an  antenna  con¬ 
sisting  of  four  sections  (fig.  XX. 2. 4). 

First,  either  half  of  the  antenna,  the  left-hand  side,  for  example,  is 
balanced.  Then  the  voltage  across  feeders  1  and  2  at  a  distance  X/4  from 
branch  point  a  is  measured  by  a  measuring  loop. 
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Figure  XX. 2.4.  Schematic  diagram  of  how  measurements  are  made 
when  balancing  antenna  feed. 


If  the  voltages  across  feeders  1  and  2  are  not  the  same,  the  branch 
point  a  is  moved  so  as  to  change  the  relationship  between  the  lengths  of 
these  feeders,  and  once  again  the  voltages  at  distances  XA  from  the  new 
point  a  position  are  measi'.red  .  This  procedure  is  followed  until  the  voltages 
across  feeders  1  and  2  are  the  same.  This  same  procedure  is  followed  with 
the  second  half  of  the  antenna  where,  by  moving  point  b,  the  voltages 
across  feeders  3  and  4  are  balanced. 

The  whole  array  is  balanced  when  the  individual  sections  have  been 
balanced.  This  involves  connecting  the  measuring  loop  alternately  to  feeders  5 
and  6  ax  a  distance  of  X/4  from  branch  point  c,  and  then,  by  moving  this 
point,  balancing  the  voltages  across  feeders  5  and  6. 

Reflector  distribution  feeders  are  balanced  similarly.  If  balancing 
proves  to  be  difficult  because  needle  deflections  are  slight  when  the  voltages 
are  measured,  the  readings  can  be  amplified  by  tuning  the  reflector  to  resonance. 
This  latter  procedure  is  carried  out  by  moving  the  short-circuiting  bridge 
of  the  loop  used  to  tune  the  reflector. 

Evaluation  of  the  degree  of  unbalance  is  made  with  respect  to  the 
magnitude  of  the  unbalance  factor  for  the  distribution  feeders,  and  this 


equals 


where 


(/,  —  i's 

~  'ux~yd: 


U  and  U  are  xhe  voltages  across  two  balanced  points  on  the  distribution 

X  w 

feeders  at  a  distance  X/4  from  their  supply  point. 

Distribution  feeders  can  be  considered  to  be  adequately  balanced  if  the 
imbalance  factor,  6,  is  not  in  excess  of  5  to  15%. 

SG  receiving  antennas  are  balanced  in  the  same  way  as  are  transmitting 
antennas.  Local  oscillators  are  used  to  feed  receiving  antennas. 

Reflector  tuning.  Tuning  the  reflector  of  an  SG  transmitting  antenna 
is  wixh  respect  to  maximum  radiation  in  the  outgoing  direction,  or  with  recpect 
to  minimum  radiation  in  the  return  direction,  depending  on  which  is  the  most 
important  in  each  concrete  case.  Considering  the  crowded  condition  existing 
in  the  ether,  tuning  is  usually  done  with  respect  to  the  minimum  radiation  in 
the  return  direction. 
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The  reflector  is  tuned  by  setting  up  a  field  strength  indicator  at  a 
distance  equal  to  5  to  10  \  in  the  outgoing  (or  return)  direction.  3y  moving 
the  short-circuiting  bridge,  m  (fig.  XX.2.5),  find  the  location  corresponding 
to  the  maximum  (or  minimum)  reading  on  the  field  strength  indicator.  A  per¬ 
manent  bridge  is  installed  at  this  point  in  place  of  the  tuning  loop. 


Figure  XX.2.5.  Reflector  tuning  diagram. 

1-2  -  tuning  loop;  m  -  bridge. 

Tuning  the  reflector  to  maximum  radiation  in  the  outgoing  direction 
closely  coincides  with  its  tuning  to  resonance,  and  this  can  sometimes  be 
used  for  coarse-tuning  the  reflector.  When  this  is  the  procedure  a  thermo- 
ammeter  is  connected  into  bridge  m.  Moving  the  bridge,  find  the  location 
corresponding  to  the  maximum  reading  on  the  thermoammeter,  thus  showing  that 
the  reflector  is  tuned  to  resonance. 

A  permanent  bridge-  is  installed  at  the  point  in  the  loop  found  in  this 
manner. 

This  second  method  for  tuning  the  reflector  is  not  recommended. 

The  reflector  for  the  3G  receiving  antenna  is  tured  to  the  minimum  reception 
on  the  reflector  side.  A  local  oscillator  with  a  balanced  horizontal  dipole, 
similar  to  the  dipole  used  wiih  the  field  strength  indicator,  is  installed 
at  a  distance  5  to  10  X  from  the  antenna  in  the  direction  opposite  to  the 
direction  of  maximum  reception.  Moving  bridge  in  along  the  reflector  tuning 
loop,  find  the  position  at  which  minimum  readings  occur  on  the  voltage 
indicator,  which  is  connected  across  the  antenna  supply  feeder,  at  the 
receiver  output . 

This  requires  that  the  reactance  of  the  loop  for  the  reflector  be 
variable  within  required  limits,  and  that  its  length,  1-2,  be  no  shorter  than 
X/2  (fig.  XX.2.5). 

Tuning  the  feeder  to  the  traveling  wave.  The  Tatarinov  method.  The 
feeder  is  tuned  to  the  traveling  wave  after  the  reflector  is  tuned.  Tuning 
the  transmitting  antenna  feeder  to  the  traveling  wave  has  the  following  ad¬ 
vantages: 

(l)  feeder  efficiency  is  increased; 
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(2)  voltage  across  the  feeder  is  reduced; 

(3)  the  impedance  at  the  feeder's  input  terminals  can  be  predetermined 
and  made  equal  to  its  characteristic  impedance,  thus  simplifying  the  matching 
of  the  output  stage  of  the  transmitter  to  the  feeder. 

The  feeder  must  be  loaded  with  resistance  equal  to  its  characteristic 
impedance,  V^,  in  order  to  establish  the  traveling  wave  regime.  In  the  general 
case  the  input  impedance  of  the  SG  antenna  does  not  equal  the  characteristic 
impedance  of  the  supply  feeder.  An  adapter,  which  transforms  antenna  impedance 
into  impedance  equal  to  W^,  is  used  to  establish  the  traveling  wave  regime. 
During  the  first  years  of  use  of  the  SG  antenna  the  adapter  was  made  in  the 
form  of  very  complicated  transformers  consisting  of  circuits  with  lumped 
constants.  Later  on  these  transformers  were  replaced  by  more  convenient 
and  simpler  circuits  for  use  in  tuning  to  the  traveling  wave  suggested  by 
V.  V.  Tatarinov.  The  Tatarinov  circuit  replaces  the  complicated  adapter 
with  a  reactance,  X,  connected  across  the  line  at  some  predetermined  location 
(fig.  XX.2.6).  The  idea  behind  Tatarinov' s  circuit  is  that  the  equivalent 
impedance  of  the  feeder  at  an  arbitrary  point  at  distance  2^  from  the  voltage 
loop  is  equal  to 


where 


Z 

eq 


V. 


k—  iQ.r>(l  —  l-)sin  2tr,  ‘ 

cos*  o  r, -|- sin5  o  r, 


k  is  the  traveling  wave  ratio  on  the -feeder. 


(XX.2.1) 


Itcimems. 
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Figure  XX.2.6.  Schematic  of  how  a  feeder  is  tuned  to  the  traveling 
wave  by  the  Tatarinov  method. 

A  -  to  antenna;  X  -  reactance. 


The  equivalent  admittance  of  the  feeder  equals 


Y  =  1/Z  . 

eq  eq 

Substituting  the  expression  for  Z  ,  and  converting,  we  obtain 


Y  =  G  +  iB 
eq 


where 


G  =  ■ 


!Tjp  cos1  a  sin5  a  r,  * 

B  ~  *  0.5(1 — ffisinZaz, 


(XX. 2. 2) 


(XX.2.3) 


Wf  cos1  a  zl  -f-  A3  sin5 a  r,  ’  (XX.2.4) 

with  G  and  B  the  resistive  and  reactive  components  of  the  equivalent  admittance. 
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The  formulas  cited  indicate  that  a  feeder  with  an  antenna  connected  to 
it  can  be  replaced  by  the  equivalent  circuit  shown  in  Figure  XX. 2. 7. 


Figure  XX.2.7.  Equivalent  circuit  for  a  feeder  with  antenna 
connected  to  it. 


Analysis  of  formula  (XX. 2. 3)  discloses  that  for  certain  predetermined  z., 
values  the  component  6  *  l/W^.  If  a  multiplier  reactance  X,  established 
through  the  ratio  l/X  »  -B,  is  connected  to  the  feeder  at  some  one  of  these 
points,  the  reactive  component  of  the  equivalent  impedance  at  this  point 
will  equal  zero  and  the  equivalent  impedance  of  the  line  will  equal  l/G  *  V^. 
A  traveling  wave  will  be  established  on  the  feeder  on  the  section  between 
the  point  of  supply  and  the  point  at  which  reactance  X  is  connected.  Thus, 
in  order  to  set  up  a  traveling  wave  regime  on  the  line  it  is  sufficient  to 
connect  to  it  reactance  X  at  aome  distance  z^  from  the  voltage  loop,  with  X 
and  established  through  the  equations 


(XX. 2. 5) 
(XX.2.6) 


Substituting  the  values 
in  (XX.2.5)  and  (XX.2.6),  we 


for  G  and  B  from  formulas 
obtain 


(XX.2.3) 


and  (XX.2.4) 


ctgaz,  =  ±  '/k. 


(XX.2.7) 

(XX.2.8) 


From  the  two  possible  solutions  for  z^  and  X,  that  one  is  chosen  which 
carries  the  plus  sign  because  then  X  is  inductive,  and  this  is  more  favorable, 
practically  speaking. 

S.  I.  Nadenenko  suggested  making  inductance  X  in  the  form  of  a  short- 
circuited  stub.  The  resistance  of  the  short-circuited  stub,  losses  dis¬ 
regarded,  equals 


X  =  W  tan^l  .  ,  , 
stub  stub 


(XX. 2. 9) 


where 

V  and  l  are  the  characteristic  impedance  and  length  of  the 
stub. 
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Selecting  l 
a,-.  (XX. 2. 6) 


stub’  We  Can  obtain  a  value  for  x  which  will  satisfy  the  equality 

.  The  needed  value  for  1  .  is  established  from  the  condition 

stub 


that 


W  tan  cyl  .  . 
stub  stub 


(XX  .2.10) 


from  whence 

‘stub  =  */2TT‘arc  tan  ^V^stub*^1-1^*  (XX.2.11) 


If 


then 


w  =  w 

f  stub’ 


‘stub  =  arc  tan 


(XX.2.12) 


The  curves  for  the  dependencies  of  z,/X  and  t  ,  , /X  on  k  are  shown  in 

1  stub 

Figure  XX.2.8. 

The  circuit  for  tuning  a  feeder  to  the  traveling  wave  by  using  the  stub 
is  shown  in  Figure  XX.2.9. 

Tuning  is  in  the  following  sequence.  A  measuring  loop,  or  other  instrument, 

is  used  to  establish  the  voltage  at  the  node,  U  ,  and  at  the  loop,  U,  . 

’  node’  loop 

The  ratio  of  these  magnitudes  equals  the  natural  traveling  wave  ratio  on 

the  feeder,  k  =  U  /U, 

node  loop 

f 
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Figure  XX.2.8.  Dependence  of  Zj/X  and  lstub/X  on  the  traveling  wave 
ratio. 

I  .  ,  is  the  length  of  the  stub  used  to  tune  to  the 
stub  , 

traveling  wave;  z^  is  the  distance  from  the  voltage  loop 
to  the  point  where  the  stub  is  connected. 
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Figure  XX. 2. 9.  Schematic  diagram  of  how  a  feeder  is  tuned  to  a 
traveling  wave  by  using  a  short-circuited  stub. 

A  -  antenna;  B-U  ;C-U.  :  D  •  i  ,  i  E  >  bridge. 

max’  min*  stub’  v 

Using  formulas  (XX. 2  >)  and  (XX.2.11),  or  the  curves  in  Figure  XX.2.8, 

the  point  where  the  connection  is  made  (z^),  and  the  length  of  the  stub, 

l  ,  ,  ,  are  established, 
stub’ 

A  stub  of  length  t  b  is  then  connected  to  the  line  (fig.  XX. 2. 9). 
Because  of  inaccuracies  in  measuring  the  natural  traveling  wave  ratio,  the 
values  for  z ^  and  l  found  through  computations  usually  do  not  provide 
a  sufficiently  high  value  for  the  traveling  wave  ratio.  Final  adjustment 
of  the  magnitudes  of  z^  and  I  b  is  made  experimentally  after  tne  stub  is 
connected,  with  the  stub  moved  to  right  or  left,  and  the  bridge,  m,  moved  up 
or  down,  and  measuring  the  magnitude  of  k  each  time.  Adjustment  continues 
until  such  time  as  k  is  high  enough.  A  traveling  wave  ratio  on  the  order  of 
0.8  to  0.9  can  be  considered  as  quite  adequate. 
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Figure  XX.2.10.  Variant  in  the  design  of  a  stub  for  tuning  a  feeder 
to  a  traveling  wave. 

A  -  to  antenna;  B  -  to  transmitter;  C  -  ;  ,  ,  ; 

D  -  bridge.  stub 

Figure  XX.2.10  shows  one  type  of  stub  for  tuning  a  feeder  to  the  traveling 
wave.  A  twin  line,  connected  to  the  feeder  by  two  jumpers,  a  and  b,  is 
stretched  between  the  two  poles  carrying  the  feeder  at  a  distance  of  0.75 
to  1.2  meters  from  the  feeder.  Movable  bridges  are  installed  in  the  line 
on  both  sides  of  these  jumpers.  Bridge  m^,  which  is  at  a  distance  equal  to 
X/4  from  the  jumpers,  is  used  to  prevent  the  right  branch  of  the  twin  line, 
which  has  a  higher  resistance  at  b  points,  from  affecting  the  tuning. 

Tnus,  a  quarter-wave  line  replaces  the  insulators,  which  would  be  to  the  right 
of  point  b  of  the  jumpers,  ab. 
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Bridge  m is  installed  at  some  distance  from  the  jumpers  such  that  the 
total  length  of  abc  is  equal  to  1  s-tUt> "  I*ov*,n9  the  jumpers,  ab,  and  the 
bridges  m^  and  m^,  along  the  feeder,  we  can  choose  the  necessary  magnitudes 

of  z,  and  t  .  .  . 

1  stub 

It  is  desirable  to  use  the  section  closest  to  the  antenna  to  tune  the 
feeder  so  the  traveling  wave  will  bi  established  on  the  longer  section  of 
the  feeder.  A  local  oscillator  is  used  to  tune  the  SG  receiving  antenna 
feeder,  and  no  difference  exists  between  this  procedure  and  that  used  to  tune  the 
SG  transmitting  antenna  feeder.  Figure  XX.2.11  shows  how  a  stub  for  tuning 
the  traveling  wave  on  a  four-wire  receiving  feeder  is  connected.  Formula 
XX.2.11  is  used  to  compute  the  magnitude  of  t 


Figure  XX.2.11.  Schematic  diagram  of  how  a  four-wire  feeder  is  tuned 
to  a  traveling  wave. 

A  ~  ‘stub’  B  "  bri^e* 

Tuning  to  the  traveling  wave  regime  by  inserting  a  line  segment  with  a 
characteristic  impedance  different  from  the  characteristic  impedance  of  the 
feeder.  One  of  the  methods  used  to  tune  to  the  traveling  wave  regime  is  to 
insert  a  line  segment  with  a  characteristic  impedance  different  from  that  of 
the  feeder  (fig.  XX.2.12).  This  insert  transforms  impedance  Z  at  point  I 
into  impedance  Z^  at  point  II. 

If  the  length  of  the  insert  with  characteristic  impedance  different 
from  that  of  the  feeder  equals  X/4,  the  transformation  of  the  impedance  by 
this  insert  can,  in  accordance  with  (1.9*9) ,  be  established  through  the 
formula 

Z  =  w|/Z2,  (XX. 2. 13) 

where 

Z^  is  the  equivalent  impedance  of  the  line  ahead  of  the  sert 
(at  points  ab,  fig,  XX. 2. 12); 

z  is  the  equivalent  impedance  of  the  line  after  the  insert  (at  points  cd); 
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W2  is  the  characteristic  impedance  of  the  insert. 
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Figure  XX. 2. 12.  Matching  insert.  A  -  to  load. 


The  insert  with  lenath  x/4  with  increased  characteristic  impedance 
W  >  W  ,  must  be  inserted  in  such  a  way  that  points  ah  are  at  a  voltage 

2*  i  4 


loop.  In  this  case  =  W^/k. 


R  =  W^k/W 
eq  2  1 


(XX.2.14) 


must  prevail  in  order  for  the  traveling  wave  ratio  after  the 

insert  to  equal  unity.  If  this  condition  is  to  be  met,  and  as  follows  from 

formula  (XX.2.14),  W  must  equal 
6 


w2  -  wyVk  . 


( XX. 2. 15) 


If  the  insert  has  a  reduced  characteristic  impedance  { W 2  <  V^),  it 
must  be  inserted  in  such  a  way  that  the  points  ab  are  at  a  voltage  node. 
And  in  order  to  provide  the  traveling  wave  regime  the  equality 


*2  ¥  Wjfk 


(XX.2.16) 


must  be  satisfied. 

A  significant  increase  in  the  traveling  wave  ratio  can  be  obtained  even 
when  the  length  of  the  insert  is  different  from  x/4  if  the  point  where  the 
insert  is  installed,  and  its  length,  are  selected  accordingly. 

Inserts  with  increased  characteristic  impedance  can  be  made  quite  con¬ 
veniently  in  four- wire  uncrossed  feeders  by  drawing  single-phase  conductors 
together  (fig.  XX. 2. 13a). 

It  is  convenient  to  install  an  insert  with  reduced  characteristic  im¬ 
pedance  (fig.  XX.2.13b)  in  a  twin  line. 


Figure  XX.2.13.  Matching  inserts  in  a  four-wire  non-crossed  feeder 
and  in  a  twin  feeder,  a  -  insert  with  increased 
characteristic  impedance;  b  -  insert  with  reduced 
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#XX.3«  Tuning  and  Testing  SG  and  SGD  Antennas  on  Two  Operating  Waves 
(a)  General  remarks 

There  are 'a  number  of  cases  when  it  is  necessary  to  provide  for 
the  simultaneous  tuning  of  che  same  SG  or  SGD  antenna  to  two  operating  waves. 

The  SG  antenna  can,  as  was  pointed  out  above,  be  used  in  some  band.  If  two 
operating  waves  are  needed  within  the  limits  of  the  operating  band,  the 
antenna  can  be  timed  to  these  waves  in  the  appropriate  manner. 

The  SGDRN  antennas  are  usually  made  in  such  a  way  that  no  special  tuning 
is  required  in  order  to  obtain  a  satisfactory  match.  But  there  are  individual 
cases  when  it  can  be  desirable  to  tune  the  antennas  so  a  traveling  wave  ratio 
close  to  unity  will  be  provided  on  both  operating  waves,  while  simultaneously 
tunin 3  the  reflector  to  these  two  operating  waves. 

Given  below  is  thi  methjdology  for  tuning  SQ  and  SGDRN  antennas  to  two 
fixed  operating  waves,  one  which  can  be  used  as  well  for  tuning  SGDRA  an¬ 
tennas,  if  for  some  reason  it  is  necessary  to  provide  a  traveling  wave  ratio 
close  to  unity  on  two  operating  waves. 

The  antenna  is  checked  and  tuned  on  each  of  the  two  fixed  waves  in  the 
same  way  as  one  fixed  wave  is  checked  and  tuned.  The  check  is  made  of  the 
insulator,  the  switching  of  the  distribution  feeders,  the  balance  of  the 
antenna  system,  and  the  balancing  of  the  distribution  feeders,  is  done  in 
the  same  way  as  for  the  SG  antenna. 

It  is  desirable  to  -check  the  balance  of  the  antenna  system  on  the 
shorter  of  the  operating  waves.  Balancing  of  the  distribution  feeders  is 
done  on  one  wave  and  checked  on  the  second.  If  the  balance  of  the  distri¬ 
bution  feeders  on  the  second  wave  is  inadequate,  it  is  desirable  to  select  the 
points  for  the  branching  of  the  distribution  feeders  such  that  approximately 
identical  unbalance  factors,  6,  are  obtained  on  both  operating  waves.  The 
final  decision  with  respect  to  the  correctness  of  the  antenpa  feed  can  be 
made  on  the  basis  of  the  radiation  pattern. 

(b)  Reflector  tuning 

It  is  convenient  to  tune  the  reflector  initially  on  the  shorter 
of  the  operating  waves,  which  we  will  designate  X^»  The  methodology  used 
for  tuning  is  that  used  to  tune  the  reflector  of  the  SG  antenna.  The  result 
of  tuning  to  wave  X,  is  finding  the  point  at  which  bridge  m^  must  be  installed, 
so  as  to  ensure  the  optimum  reflector  regime  on  this  wave.  Then  a  short- 
circuited  line  of  length  \^/2  Cfig.  XX. 3.1)  is  installed  in  place  of  the 
bridge.  This  serves  to  act  as  a  short-circuiter  on  wave  X^ •  Once  this  line 
is  in  place  the  reflector  is  tuned  to  the  second  wave  (X0)« 

Short-circuiting  bridge  m is  then  shifted  to  the  other  section  of  the 
tuning  stub  and  secured  in  place  at  the  point  corresponding  to  the  minimum 
radiation  in  the  return  direction,  or  to  the  maximum  radiation  in  the  out¬ 
going  direction.  Section  1-2  must  be  no  shorter  than  Xg/2  *n  order  to  be  certain 
that  it  will  be  possible  to  tune  the  reflector  to  wave 
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Figure  XX. 3.1.  Schematic  diagram  for  tuning  the  reflector  of  SGD  and 
SG  antennas  to  two  waves,  m  -  bridge. 
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Figure  XX.3.2.  Design  of  the  circuit  shown  in  Figure  XX. 3.1. 
A  -  to  reflector;  m  -  bridge. 


How  the  reflector  will  tune  to  wave  X2  will  depend  on  how  it  was  tuned 
to  wave  Xj,-  If  it  is  desirable  to  tune  to  both  waves  independently,  this 
can  be  done  by  adding  an  additional  short-circuited  stub  to  the  \^/2  stub, 
so  that  the  total  length  of  both  stubs  will  equal  n  X2/2.  In  Figure  XX. 3.1 
the  booster  stub  is  shown  by  the  broken  line. 

Another  design  for  tuning  a  reflector  to  two  waves  is shown  in  Figure 
XX.3.2.  The  additional  stub,  which  is  for  decoupling  tuning  to  waves  Xj  and 
X_,  is  not  shown  in  Figure  XX.3.2. 

Ct 

(c)  Tuning  the  feeder  to  the  traveling  wave 

Tuning  is  dona  in  such  a  way  that  the  traveling  wave  regime  is  ob¬ 
tained  on  both  operating  waves,  X^  and  X2»  Combination  stubs  which,  while 
tuning  the  feeder  to  the  traveling  wave  on  one  wave,  offer  extremely  high  • 
impedance  to  the  second  wave  and  pass  it  without  changing  the  regime  on  the 
feeder,  are  used  for  this  purpose. 

Different  types  of  combination  stub  circuits,  and  methods  for  using 
them,  are  possible.  One  such  is  shown  in  Figure  XX. 3. 3.  When  this  one  is 
used  tuning  of  the  feeder  to  the  traveling  wave  is  done  first  on  the  longer 
wave,  X0*  Tuning  is  by  the  method  described  above  for  tuning  the  SG  antenna. 
A  simple  short-circuited  line,  with  length  Is  used  as  the  tuning 


What  must  be  attempted  here  is  to  connect  the  stub  1  s-tub  2  a*  a 
where  the  reactive  component  of  the  equivalent  admittance  for  the  feeder  on 
wave  is  capacitive  in  nature.  This  makes  it  necessary  to  connect,  the 
stub  fcr  tuning  to  wave  X„  in  the  section  between  the  loop  and  the  first 

t-t 

voltage  node  of  wave  X1  following  the  loop.  The  rading  is  made  from  the 
voltage  loop  to  the  transmitter.  In  this  case  atub.t  2  can  *ncrease 
traveling  wave  ratio  on  wave  somewhat. 
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Figure  XX.3.3*  One  version  of  the  arrangement  for  tuning  a  two-wire 

feeder  to  a  traveling  wave  when  operating  on  two  waves. 

A  -  stub  for  tuning  feeder  to  wave  X2>  ®  “  combination 
stub  for  tuning  feeder  to  wave  Xjl  >  C  -  to  antenna; 

°  “  *  stub  2* 

The  feeder  is  tuned  to  wave  X^  after  it  has  been  tuned  to  wave  X2*  A 

simple  stub  is  used  for  the  initial  tuning.  Establishing  point  and  length 

I  ,  „ ,  for  the  stuo,  it  is  then  replaced  bv  a  combination  stub  which  con- 
stub  1  ’ 

sists  of  two  lines  each  of  length  (2r:  t  l)X2A,  where  n  =  0,  1,  2,  ... 

(fig.  XX.3-3).  The  input  impedance  of  this  combination  of  two  lines  on 
wave  X2  is  extremely  high,  so  connecting  it  to  the  feeder  has  no  effect  on 
the  feeder  regime  on  this  wave. 

At  the  same  time,  by  selecting  the  point  at  which  one  line  is  connected 
ta  the  other,  the  input  impedance  of  t’  is  system  on  wave  X-^  can  be  made  equal 
to  the  input  impedance  of  the  simple  stub  of  length  l  ^  thus  providing 
for  tuning  to  wave  X^ • 

Selection  of  the  necessary  lengths  for  the  elements  of  the  combination 

stub  is  by  computation,  and  then  these  are  refined  experimentally. 

Thus,  when  the  transmitter  is  operating  on  wave  X,,,  the  combination  stub 

passes  this  wave,  causing  no  change  in  feeder  regime,  and  the  simple 

stub  J  .  ,  .  sets  up  a  traveling  wave  on  the  feeder, 
stub  a 


Figure  XX.3.4.  Second  version  of  the  arrangement  for  tuning  a  two-wire 
feeder  to  a  traveling  wave  when  operating  on  two  waves. 

A  -  stub  for  tuning  feeder  to  wave  B  -  combination 
stub  for  tuning  feeder  to  wave  X^;  C  -  to  antenna; 

^  *stub  2* 

./.nother  combination  stub  arrangement  is  shown  in  Figure  XX.3.4.  The 
total  length  of  this  combination  stub  (t,  *■  l^)  should  be  equal  to  Xg/®* 
Regardless  of  the  ratios  of  t^/l2  the  exception  of  those  close  to  zero, 
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or  to  infinity),  the  combination  stub  offers  extremely  great  impedance  to 
wave  X2  and  passes  it  without  reflection.  We  can,  so  far  as  wave  X,  is  c 
cerned,  by  selecting  the  l^/i^  ratio,  obtain  an  impedance  equal  to  the  im 
pedance  of  a  si 
traveling  wave. 


pedance  of  a  simple  stub  of  length  } stn^  and  thus  tune  the  feeder  to  the 
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Figure  XX. 3. 5.  Design  for  the  arrangement  in  Figure  XX.3.3. 

A  ~  to  antenna;  B  -  t  _. 

’  stub  2 


Designs  for  the  arrangements  in  figures  XX.3.3  and  XX. 3. 4  are  shown 
in  figures  XX. 3. 5  and  XX, .3. 6. 

The  arrangements  shown  for  tuning  the  SG  antenna  to  two  waveo  feature 
the  fact  that  tuning  to  wave  X,  depends  on  tuning  to  wave  \  .  As  a  practical 
matter,  ana  particularly  when  one,  or  both  operating  waves  change  from 
time  to  time,  it  is  convenient  to  have  independent  tuning.  The  combination 
stub  shown  in  Figure  XX. 3. 4  can  be  used  for  this  purpose  on  wave  X^  as 
well  as  wave  X2*  Figure  XX. 3. 7.  shows  an  arrangement  for  independent  tuning 
to  two  waves. 


Figure  XX.3.6.  Design  for  the  arrangement  in  Figure  XX.3.4. 


A  -  to  antenna;  B  -  t 
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Figure  XX. 3. 7.  Schematic  diagram  of  independent  tuning  of  a  feeder 
to  two  waves. 

A  -  combination  stub  for  tuning  the  feeder  to  wave  Xg! 
B  -  combination  stub  for  tuning  the  feeder  to  wave  Xj i . 
C  -  to  antenna. 


In  the  special  case  when  =  2X, ,  the  most  convenient  arrangement  to 
use  for  independent  tuning  is  that  shown  in  Figure  XX. 3. 8.  As  will  be  seen, 
two  short-circuiting  stubs  with  lengths  X^/2  =  are  u:3ed  to  tune  to  wave 

X^.  These  stubs  offer  extremely  high  impedance  to  wave  X2  and  have  no 
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noticeable  effect  on  the  feeders.  When  operating  or.  wave  X^  stub  2*4' 
causes  a  short  circuit  to  occur  at  point  2',  and  this  causes  the  combination 
stub  as  a  whole  to  act  like  a  segment  with  length  lstul}  ^  needed  to  tune 


needed  to  tune 


to  wave  X. • 
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Figure  XX.3.8.  Variant  of  the  arrangement  for  independent  tuning  of  a 
feeder  to  two  short  waves  (Xg^Xj). 

A  -  combination  stub  for  timing  to  wave  B  -  combination 
stub  for  tuning  to  wave  X2i  C  -  length  of  the  stub 
needed  to  tune  the  feeder  to  the  traveling  wave  regime 
when  operating  on  wave  X^i  B  -  length  of  the  stub  needed 
to  tuna  the  feeder  to  the  traveling  wave  regime  when 
operating  on  wave  X2>  E  -  to  antenna. 

The  tuning  to  wave  X2  is  don®  by  the  open-ended  stubs  with  length 
\  /2  =  X„/4.  These  stubs  have  extremely  high  impedance  for  wave  X.*  so 

1  “  A 

have  no  noiiceaole  effect  on  the  feeders.  When  operating  on  wave  X2  stub 
2"4"  causes  a  short  circuit  at  point  2",  and  at  the  same  time  provides  the 
equivalent  of  the  entire  combination  stub  to  the  short-circuiting  segment 

of  length  l  • ■  needed  to  tune  to  wave  \0. 

StllO  Z  Z 


t  /  ^ 


#XX. 4 .  Testing  and  Tuning  SGDRN'  and  SGDRA  Antennas 

The  check  made  of  insulation  and  balance  of  the  antenna  system,  as 
well  as  supply  balance  is  made  as  in  the  case  of  the  SG  antenna.  It  must 
be  borne  in  mind  that  the  proper  supply  distribution  mrst  be  made  to  correspond 
to  the  same  length  of  current  path  from  the  point  of  branching  tc  the  dipoles, 
or  to  the  next  distribution  feeder. 

Tuning  the  reflector  for  the  SGDRN  antenna  in  accordance  with  conditions 
is  done  on  one,  or  on  two  waves  (see  #,'CX.3). 

Normally,  SGDRN  and  SGDRA  antenna  feeders  are  not  tuned  to  the  traveling 
wave  regime  because  they  have  an  adequately  satisfactory  normal  match  with  the 
supply  line.  When  the  antennas  are  put  into  service  they  should  be  checked 
for  the  traveling  wave  ratio  on  at  least  three  or  four  waves,  and 
should  be  checked,  in  particular,  on  the  proposed  operating  waves.  If  the 
measured  values  of  the  traveling  wave  ratio  are  substantially  lower  than 
taoso  suggested  on  the  antenna’s  name  plate  a  careful  check  should  be  a^de  as 
to  the  correctness  of  the  dimensions  of  the  antenna  array.  One  reason  for  a 
reduction  in  the  traveling  wave  ratio  can  be  incorrect  feeder  bends.  Identity 
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in  the  lengths  of  the  feeder  conductors  must  be  provided  for  at  the 
sites  of  bends,  and  the  characteristic  impedances  must  be  retained  intact. 
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#xx.5.  Testing  the  Rhombic  Antenna  and  the  Traveling  Wave  Antenna 

The  rhombic  antenna  and  the  traveling  wave  antenna  operate  over  a  band 
of  waves  and  require  no  special  tuning.  Prior  to  being  put  into  service, 
and  periodically  during  operation,  they  are  tested  to  check  the  correctness 
of  the  distribution  feeder  connections,  insulation,  supply  balance  of  the 
distribution  feeders  (in  a  multiple  antenna).  Also  checked  is  antenna  system 
balance,  the  match  of  antenna  and  feeder,  and  the  magnitudes  of  the  ter¬ 
minator  and  decoupling  resistors,  which  are  measured  by  an  ohmmeter. 

It  is  desirable  to  check  antenna  system  balance,  as  well  as  the  supply 
balance  for  the  distribution  feeders  running  from  the  supply  feeder  and  the 
dissipation  line,  at  least  on  two  waves.  The  supply  point:-  are  set  up  in  the 
geometric  center  of  the  distribution  feeders. 

It  is  desirable  to  check  the  match  of  antenna  and  feeder  on  at  least  two 
or  three  waves  in  the  operating  band  for  the  antenna.  The  match  of  antenna 
and  feeder  can  be  considered  satisfactory  if  the  traveling  wave  ratio  for 
the  operating  band  is  at  least  0.6  to  0.7. 

Correctness  of  supply  line  lengths  must  be  carefully  checked  when 
3ES2  antennas  are  put  into  service.  The  required  relationship  between  the 
lengths  of  the  feeders  for  adjacent  BS2  antennas  in  the  3BS2  antenna  com¬ 
plex  (see  Chapter  XIV)  must  be  observed  with  an  accuracy  of  within  0.5  meter. 

The  check  of  supply  line  lengths  must  consider  the  complete  path  traveled 
by  the  current,  beginning  at  the  point  of  connection  to  the  collection  line 
and  ending  at  the  phcse  shifter  terminals.  The  correctness  of  the  connections 
of  feeders  to  the  phase  shifter  must  also  be  checked  very  carefully  (to 
make  sure  there  is  no  180°  phase  rotation  as  a  result  of  crossing  the  feeder 
conductors) . 


#XX.6.  Pattern  measurement 

Radiation  patterns  in  the  vertical  and  horizontal  planes  provide  a 
representation  of  the  correctness  of  tuning,  and  an  overall  picture  of 
radiation  from  the  antennas,  as  well  as  making  it  possible  to  reveal  indirect 
radiation  from  conductors  adjacent  to  the  antenna,  if  such  is  taking  place. 

Pattern  measurement  in  the  horizontal  plane  is  made  on  the  earth’s  sur¬ 
face,  or  at  some  angle  to  the  horizon. 

The  radiation  pattern  is  measured  from  an  aircraft  cr  a  helicopter  at  a 
distance  from  the  earth's  surface.  The  field  intensity  indicator  described 
above  is  usually  used  to  measure  the  pattern  at  the  earth's  surface.  The 
indicator  is  moved  around  the  antenna  in  a  circle,  the  center  of  which  co¬ 
incides  with  the  center  cf  the  antenna.  The  radius  of  the  circle  should  be 
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at  least  six  to  ten  times  a  maximum  linear  dimension  of  the  antenna  (width, 
length,  height).  It  is  desirable  that  the  area  round  the  antenna  within 
the  limits  of  this  radius  be  level  and  free  of  installations  of  various 
types.  Efforts  should  be  made  to  keep  the  height  at  which  the  indicator  is.  * 
set  up  at  the  different  points  the  same.  Field  intensity  is  measured  every 
3°  to  5°.  Measurements  should  be  made  at  points  distant  from  structures, 
feeders,  protrusions,  depressions,  and  installations  of  various  types. 

If  terrain  conditions  are  such  that  the  indicator  must  be  set  up  at 
different  distances  from  the  center  of  the  antenna,  reducing  the  data  from 
the  measurements  to  the  same  distance  is  done  by  taking  into  consideration 
the  fact  that  the  field  strength  of  a  ground  wave  is  inversely  proportional 
to  the  square  of  the  distance. 

The  constancy  of  the  power  radiated  by  an  antenna  is  monitcred  either 
by  using  a  second,  fixed,  field  intensity  indicator,  usually  located  in 
the  direction  of  maximum  radiation,  or  by  a  voltage  or  current  indicator  in 
the  antenna. 

The  readings  of  both  indicators  are  recorded  simultaneously  and  the 
ratio  of  the  readings  from  the  fixed  indicator  to  the  readings  of  the  mobile 
one  is  taken.  The  effect  of  change  in  transmitter  power  on  the  results  of 
the  measurements  is  excluded. 

It  is  more  desirable  to  measure  the  pattern  from  an  aircraft,  or  from  a 
helicopter,  because  then  it  is  possible  to  obtain  a  picture  of  the  radiation 
distribution  ut  angles  of  elevation  corresponding  to  the  beams  prevailing 
at  the  reception  site. 

It  is  most  convenient  to  measure  the  pattern  of  a  receiving  antenna  by 
moving  a  local  oscillator  with  a  dipole  around  it  and  measuring  the  emf 
across  the  receiver  input  connected  to  the  supply  feeder.  The  emf  at  the 
receiver  input  is  measured  by  comparison,  using  a  standard  signal  generator. 


i 


i 


#XX.7.  Measuring  Feeder  Efficiency 

The  efficiency  of  a  feeder  is  measured  by  establishing  the  voltages  at 
nodes  and  loops  at  the  origin  and  termination  of  the  feeder.  The  efficiency 
is  established  through  the  formula 


■n  =  U'  U»  /U  U  , 
1  node  loop  node  loop 


(XX.7.1) 


where 


U'  and  U*  are  the  voltages  ax.  the  node  and  loop  at  the  termination 

noae  loop 

of  the  feeder; 

U  and  U,  are  voltages  at  the  node  and  loop  at  the  origin 

node  loop 

of  the  feeder. 

Two  voltage  indicators  are  needed  to  make  the  measurements,  one  as  a 
monitor,  connected  at  some  point  on  the  feeder,  and  fixed  in  place,  the  other 
for  measuring  at  the  voltage  nodes  and  loops. 


4 
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If  transmitter  power  changes  during  the  measurements,  formula  (XX. 7. l) 
is  used  and  the  ratio  of  the  readings  from  the  mobile  voltage  indicator  to  the 
readings  from  the  fixed  voltage  indicator  is  substituted  in  it. 

Attention  must  be  given  to  the  identity  of  distances  between  feeder 
conductors  at  all  measurement  points,  otherwise  the  measurement  results  can 
be  distorted  because  of  lack  of  identity  in  feeder  characteristic  impedance 
at  measurement  points. 

The  efficiency  measured- in  this  way  characterizes  feeder  losses  for 
the  p.evailing  traveling  wave  ratio.  Formula  XIX. 2. 2,  or  the  curves  shown 
xn  Figure  XIX.2.8,  can  be  used  to  establish  the  efficiency  when  the  traveling 
wave  ratio  equals  unity. 

The  efficiency  can  also  be  established  by  measuring  the  traveling  wave 
ratio  on  a  short-circuited,  or  open-ended,  feeder.  The  attenuation  factor 
on  the  feeder  is  established  through  formulas  (1.8.2)  or  (1.8.3),  using  the 
traveling  wave  ratio  value  found.  The  efficiency  can  be  established  through 
formulas  (1.14.2)  or  (1.14.3),  using  the  magnitude  of  8  found. 
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APPENDICES 

Appendix  1 

Derivation  of  an  approximation  formula  for  the  characteristic 
impedance  of  a  uniform  line 

,  i/jEEBT 

?  »  iC,  <■>  +  G,  ' 

Ignoring  G^,  and  converting,  we  obtain 


p“  V it  V'-*- ]  :-'Z7^*  (A.1.1) 


and  since  4  I^uh 


3&-)- 


(A.1.2) 


As  is  known,  for  a  uniform  line  LjC  =  l/c2,  from  whence 


Substituting  for  its  expression  from  (A.1.3),  we  obtain 


(A.1.3) 


W  =  L^c. 


(A.1.4) 


Substituting  ai=ffcin  formula  (A.1.2),  and  taking  formula  (A.1.4) 
into  consideration,  we  obtain 


and  since 


3  «  W  { I  —  i  — fo 
?  V  23^/’ 


(A.1.5) 


(A.1.6) 


,V» 
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Appendix  2 


Derivation  of  the  traveling  wave  ratio  formula 

The  minimum  voltage  across  a  line  is  obtained  at  the  point  where 

U.  .  .  and  U  ,  are  opposite  in  phase 

incident  reflected 


U  .  .  «  U.  , 

minimum  <  ini 


(A.2.1) 


The  maximum  voltage  is  obtained  at  the  point  where  and  coincide 


in  phase 


U 

maximum 


(A.2.2) 


Substituting  the  values  for  U  .  and  U  in  the  expression  for  k,  we 

mm  max 

obtain 


u  . 

min 

|U'in 

-  ju 

1  re 

1 

lu 

1  re 

/ 

u. 

in 

1 

•  a  - 

^Jp[ 

U 

max 

|Uin 

+  |U 

re 

:  1  ♦ 

)TJ 

|  re 

7/|U7  | 
|;  I  in 

1 

+lpl 

(A.2.3) 
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Appendix  3 


Derivation  of  the  formula  for  transmission  line  efficiency 


Let  us  designate  the  line  output  power  by  P^,  and  the  power  reaching 
the  load  by  P^.  Then 


1]  -  P2/Px. 


(A.3.1) 


P^  equals  the  difference  in  the  powers  of  the  incident  and  reflected 
waves  at  the  point  of  application  of  the  eraf,  that  is,  at  the  beginning  of 
the  line 


P  =  P,  .  -  P,  , 
1  1  in  1  re’ 


(A.3.2) 


P.  .  =  I,  .  V, 

1  in  1  in 


P,  =  i“  W, 
1  re  1  re 


I  .  and  I,  are  the  currents  in  the  incident  and  reflected  waves  at  the 
1  in  1  re 

point  of  application  of  the  emf. 


P.  .  -  if  )W. 

1  1  in  1  re 


(A.3.3) 


Similarly,  the  output  power  at  the  termination  equals 


P.  =  ul  .  -  tt  )V. 

2  2  in  2  re 


(A.3.4) 


.  and  I„  are  the  currents  in.  the  incident  and  reflected  waves  at  the 
2  m  2  re 

termination. 

Substituting  the  expressions  for  P^  and  P2  in  formula  (A.3»l),  we  obtain. 


r  2  /t2  7-2 

75  =  h  in"X2  re' X1  in_Il  r< 


(A. 3. 5) 


We  note  that 


I,  .  =  .  e' 

1  in  2  m 

I,  =  I  e 
1  re  2  re 


,3t  \ 


-81 


J 


(A. 3. 6) 


Substituting  formula  (A. 3. 6)  in  (A„3»5),  we  obtain 

•  ■  i-r^v 

*  itn  '2**+.  -«/ 


^  hln.  ' 


A. -  **-&„*«* 


t'C 


1- 


~(hxaXt-W 
\  U  ) 


_»y  1  — IpI* 

l-loPe-1* 


(A.?.7) 


n  *  a/\0  /*  CV 

iva-WU"UU 


J 
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Let  us  assume  the  amplitudes  and  phases  of  the  currents  in  all  balanced 
dipoles  to  be  identical,  as  is  the  case  for  SG  and  SGD  antennas.  Accordingly, 
the  amplitudes  of  the  field  strength  vectors  (E  ,  E  ,  E  )  are  equal  to 

1  2  n^j 

each  other,  and  the  phase  shift  between  them  can  only  be  determined  by  the 
difference  in  the  path  of  the  beams. 

4 - - * 


a - 

3 - 

i - 

Figure  A. 4. 2. 

As  will  be  se.  n  from  Figure  A. 4.1,  the  difference  in  the  paths  of  the 
beams  from  dipoles  1  and  2  equals 


d^  cos  0, 

where 

d^  is  the  distance  between  the  centers  of  two  adjacent  balanced  dipoles. 
The  phase  shift  between  E^  and  E,,  equals 


i|/,  =  a  d,  cos  6 

(A.4.3) 

and 

(A.4.4) 

Similarly, 

. 

£,  =.  £,  et’<4eojt  =  Ei  c12«rf,co,l  f 

(A.4.5) 

£t  =.  £,  e13’‘,‘c‘,s, , 

(A. 4. 6) 

En,  -  £x  eKn.-lW.coi*  . 

(A.4.7) 

The  summed  field  for  all  n^  dipoles  equals 

Et  =£,  [l  +c,a<4cos6  (a.4.8) 


The  right  side  of  the  equality  at  (a.4.8)  is  the  sum  of  the  terms  of 
a  geometric  progression  of  the  type 


As  is  known 


S  =  q  -j-  qa  H-  ?o*  -f-  ?o*  +  .  .  -f  qa‘ 


,1.-1 


an  —  1 
a  —  1 


■o 


S  =  <? 


615 


i  n  <  f\ 


iU\-WO-00 


In  this  case, 


?  =  £.;  a  =  <>'■'«•  . 


As  a  result,  we  obtain 


where 


E-i 


eUrfteos6  ^  j 


E,  /,<«,). 


/»(«.)  = 


cln»»*/»co»0  __  j 
cW<f,coi«  _  j 


(A.4.9) 


(A. 4.10) 


(3)  the  factor  f^(n^) 

Figure  A.4.2  contains  the  sketches  ox  an  antenna  array  consisting  of 
tiers  in  two  projections. 

Tne  summed  field  for  all  tiers  equals 


E$  =  E/  -f  Ett  +  .  .  . -t-£flji  (A. 4. 11) 

Let  us  assume  that  the  currents  flowing  in  the  dipoles  in  all  tiers  are 
the  same  in  magnitude  and  in  phase.  Then  the  amplitudes  of  Ej,  Ejj  ... 

Enl  will  be  equal  to  each  other,  and  the  phase  shift  between  them  can  only 
be  determined  by  the  difference  in  the  paths  of  the  respective  beams. 

The  difference  in  the  paths  of  the  beams  from  the  dipoles  located  in 
the  first  and  second  tiers  equals 


d2  sin  A, 

where 

d^  is  the  distance  between  tho  antenna  tiers. 


The  phase  shift 

between  and  equals 

i/lt  =»  3  d}  sin  4. 

(A.4.12) 

Thus, 

£„  =  £,  e’*rf,slnt. 

(A.4.13) 

Similarly, 

E/ll  «  E„  ew*sinl  =  E, 

(A.4d4) 

E,v  =  E,  e!3’^,nl . 

(A.4.15) 

£„t  =■  £,  cl(n.-l)*<f,t|nii 

(A.4.16) 

The  summed  field  strengths  for  all  n^  tiers  equal 

%=  E,  [l  +  ei'*s,ni  +  eK*Miu  +  .  .  .  +  „ 

0in,irf,sln4 _ j 

"  £'7ST7  =  E>  •/*«"»>•  (A.4.17 ) 
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j 

i 

i 

t 


from  whence 


eln,«rf,5lni  _  j 
0>«i/^ln4 _ j 


(A.4.18) 


(4)  the  factor  f^(g) 

The  influence  of  xhe  mirror  image  on  t'  ,  field  strength  of  a  hori¬ 
zontal  dipole  and  ideally  conducting  ground  can  be  determined  by  the  factor 
(l  -  e  Where  H  is  the  height  at  which  the  dipole  is  suspended. 

In  our  case  we  are  discussing  a  multitiered,  cophasally  fed  system, 
so  H  should  be  understood  to  mean  the  average  height  at  which  the  antenna 
dipoles  are  suspended  (H  ) 


Hftv  -  Hx  +  (nx  -  ,  (A.4.19) 

where 

is  the  height  at  which  the  lower  tier  of  the  antenna  is  suspended. 
Accordingly,  the  factor  f^(g )  can  be  expressed  by  the  formula 

f4(g)  =  1  -  e"x2a^avslnA.  (A.4.20) 


(5)  the  factor  f^(r) 

As  explained  above,  the  influence  of  the  reflector  on  the  field 
strength  of  a  balanced  dipole  can  be  expressed  by  the  factor 


y'  1  +  m*  +  2m  ciu  (J<  —  a  d,  cos  y  cos  4), 

where  d^  is  the  distance  between  the  antenna  and  the  reflector. 

The  SG  and  SGD  antennas  we  are  considering  have  an  identically  located 
dipole  at  the  reflector  for  every  dipole  in  the  antenna.  Therefore,  the 
influence  of  the  entire  reflector  on  the  antenna  must  be  characterized  by 
the  same  mathematical  formula  as  that  used  in  the  case  cf  the  antenna  con¬ 
sisting  of  one  dipola  and  a  reflector. 

Accordingly, 


/» (f)  **  V 1  +  m1  +  2m  cos  (i  —  a  u',  coj  cos  i). 


(A.4.21) 


(6)  the  complete  formula  for  the  radiation  patterns  propagated  by  SG 


and  SGD  antennas. 

Subatutitir.g  the  expressions  for  f ^ ( l ) ,  f2^n2^’  and 

f^(r)  in  (A. 4.1),  we  obtain 


60/.  COS  (a  /COS  0)  —  cot  a  l  gl'yrftcotl  —  j  eU,.rf,i!ni  _  j 
:  tin  {  e!t*,co»»  _  J  _ j 

X  (l  —  e— 1J*wuv,,n4)  y~T  +  m»  +  2m  coi  «  d,  co(  f  cos  d)  . 


(A.4.22) 


nA_nnft_£fi 


Al7 


By  using  Euler's  formulas,  which  yield  the  dependence  between  the  in¬ 
dexes  and  the  trigonometric  functions,  it  is  not  difficult  to  prove  the 
equality 

A 

(A.4.23) 


±i  ■ 


c*1'1’  —  1  «=  i  2  jin  c  * 


o 


Using  this  formula,  and  taking  it  that 

cos  0  =.  cos (90°  —  ?)cosA  =  sinycosA,  ,  .  — - —  ,,, - — - — 

sin  0  =  v  1—  cos1 0  =y  1  —  sin*  t  ‘os*  A, 

we  obtain  the  following  expression  for  the  modulus  of  the  vector  for  field 
strength  .  .  /  «d,  '  \ 

„  120/  cos  (a /sin  ?  cos  4)  —  cosa ./  S'n  \  *  2  s^n?cos*y 

V  l-sin»?.co?T  ,  /ad,  ,  7\  X 

*  sin  I sin  f  *cot  A  ^ 

'  sin  (a  11^  sin  A)  •/ \  -)-  m*  +  2m  cos  (•}> — a  d,  cos'-ji  cos  b).  (A.4.24) 


(a  <4  \ 

tlt  ~ —  Sin  4  ) 

.  /«<4 


'o  d,  \ 

sin  sin  A  1 

Formula  (A„4.24)  is  suitable  for  computing  the  radiation  patterns  for 
SG  and  SGD  antennas  on  any  wavelength,  given  the  condition  of  the  cophasal 
nature  of  the  feed  to  all  the  balanced  dipoles  in  the  antennas. 

In  the  SG  antenna  .  ,  , 

di  »  A 

4=1  =  j. 

from  whence 

a  dt  2*, 

Substituting  formula  (A. 4. 25)  in  V^.4.24)  and  converting,  we  obtain 


(A.4.25) 


1  _  120/..  0051  (Tsin?cosi) 

sin  (n,  x  sin  f  cos  A)  Sin  { 

ni'7*In4) 

M  C  4. 

H  r  y  1  —  sins?cos*  A 

',in(*  stances  A) 

sin 

(T‘lnA) 

X 


X  sin  (a  //a>,sin  A)  V  1  -f-  m*  +  2m  cos  —  o  d,  cos  ?  cos  A)  . 
Substituting  in  formula  (A. 4. 26) 


n2  =  n//2’ 


where 

n  is  the  number  of  half-wave  dipoles  in  one  tier,  and 

sin  (*  sin  ?  cos  A)  =  2  sin  sin  <p  cos  A  ^  cos  sin  ?  cos  A^  , 

we  reduce  it  to  the  following  form 


(A.4.26) 


120/  ct*(*7s,n?cos0 

1  si"  | 

—Sint  cos  A  ^ 

|sin( 

"i  Y*i"A) 

yi-sin*?cos*A  sin  | 

(t 

sin  A  ^ 

1 

(A.4.27) 
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Appendix  5 


Derivation  of  the  radiation  pattern  formula  for  a  rhombic  antenna 

! 

#A.5.1.  The  field  strength  created  by  the  separate  sides  of  a  rkjabie 
antenna _ _ _ 

Let  us  take  an  arbitrary  direction  which  has  azimuth  angle  cp,  read  from 

the  long  diagonal  of  the  rhombus,  and  an  angle  of  tilt  A,  2 ead  from  the 

horizontal  plane  (fig.  A.5.1). 

Let  us  introduce  the  notations: 

!  is  the  length  of  a  side  of  rhe  thombus; 

9^  is  the  angle  formed  by  the  direction  of  the  beam  and  sides  1-2  and 
4-3  of  the  rhombus; 

02  is  the  angle  formed  by  the  direction  of  the  beam  and  sides  2-3  and 
1-4  of  the  rhombus; 

is  the  current  flowing  at  the  origin  of  side  1-2; 
is  the  current  flowing  at  the  origin  of  side  2-3; 

Y  is  the  propagation  factor  on  the  conductors  of  the  rhombus. 

The  field  strength  created  by  a  rhombic  antenna  equals 

£=*£»  +  £»+ £«  +  £u>  (A.5.1) 


where  E12*  V  E43  and  are  the  field  strengths  created  by  sides  1-2, 

2-3,  4-3,  and  1-4. 

In  accordance  with  formula  (V.2.1),  and  discarding  the  factor  i,  we  obtain 


60s 

c(l,eos!i— t)I  | 

3  rl  h  s*n  ®i 

i  a  cos  0t  —  T  * 

(A.5.2) 

60s  ,  .  „ 

!7T4i 

cil«os»,  —  i)l_  1 
i  0  cos  0,  —  1  c  • 

(A.5.3) 

00*  ,  .  „ 

* — jY  ln  smC 

.  .(l«c<"0 ,-7)»  _  j 

1  i  a  cos  to,  —  1  ' 

(A.5.4) 

60  «  ’  . 

(l.cosVlW  _  , 

A  -  -  - 

(A.5.5) 

a  ~  rk  l*lvx 

*  i  a  COS  0,  —  1  * 

where 

is  the  component  of  the  phase  shift  angle  between  the  field  strength 
vectors  for  sides  2-3  and  1-4,  determined  by  the  difference  in  the 
beam  paths; 

y2  is  the  component  of  the  phase  shift  angle  between  the  field  strength 
vectors  for  sides  4-3  and  1-2,  determined  by  the  difference  in  the  beam 
paths.  . 
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The  minus  sign?  in  the  right-hand  sides  of  equations  (A,-5*4)  and  (A. 5.5) 
)  take  sate  consideration  the  opposite  phases  of  the  currents  flowing  in  sides 

1-4  and  4-3  relative  xe  ths  currents  flowing  in  eides  1-2  and  2-3. 


figure  5*1 • 


The  magnitude  i,f  ^  can  be  determined  by  the  difference  in  the  beam 
paths  from  identically  located  points  on  sides  1-4  and  2-3 ,  say  points  a  and 
b.  The  difference  in  beam  paths  from  point  a.  located  in  side  1-4,  and  point 
b,  located  in  side  2-4,  is  equal  to  the  segment  e.c.  The  length  of  this  seg~ 
ment  equals  t  cos  0^.  Accordingly, 


similarly, 


<5^  =  *  l  cos 


(A. 5. 6) 


<J<,  =»  a  l  COS  0„ 

1 01  "=*  J«e_ 7,‘ 


(A.5.7) 

(A.5.8) 


Let  us  express  angles  0^  and  @2  in  terms  of  the  angle  of  tilt  A  and  the 
azimuth  angle  (p  (fig.  A. 5. 2): 

cos  0,  n  cos  ^  cos  A  )  (A.5»9) 

cos  0,  =»  cos ?»cos  A  J  * 

where 

cp^  is  the  azimuth  angle  of  the  beam,  read  from  the  direction  of  sides 

1- 2  and  4-3; 

o  is  the  azimuth  angle  of  the  beam,  read  from  the  direction  of  sides 

2- 3  and  1-4. 
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#A.5.2.  Determining  the  normal  and  parallel  components  of  the  field 
strength  vector  for  a  rhombic  antenna 

Let  us  designate  the  normal  and  parallel  components  of  the  field  strength 
veexor  by  E|  and  E  ||  (fig*  A. 5. 3).  Let  us  express  Ej  and  E||  by  E-  (E  is  the 
modulus  ct  the  composite  field  strength  vector), 

Let  us  designate  segment  k b  by  EQ  and  segment  ac  by  E^. 

Figure  A. 5*3  makes  it  apparent  that  the  following  relationships  exist 
between  the  ,  £  ,  and  E  moduli, 

•A»  U 


from  whence 


£  =  Et  sin  f, 

£>•£«  sin  0, 


(A.5.20) 

(A.5.21) 

(A.5. 22) 


(A.5 


Substituting  the  expression  for  EQ  from  formula  (A.5. 22)  in  formula 
.20),  we  obtain 


£ 


x 


£^  . 
sin  0 


(A.5.23) 


A  -  plane  of  beam  propagation;  B  -  direction  of  beam? 
C  -  direction  of  long  diagonal. 


From  Figure  A.5. 3  we  also  find  that 

£,  =  £,sin  A, 

c  c  _  COS  p 

C,  =f,COi«  a  £ - — , 

sin  6 


(A.5. 24) 
(A.5. 25) 


Substituting  the  expression  for  E^  from  formula  (A.5. 25)  in  formula 
(A.5. 24),  we  obtain 


_  COS  ? 

>  E  “ — r  sin  A. 
sin  0 


(A.5. 26) 


Using  expressions  (A. 5. 25)  and  (A. 5. 26),  we  obtain  the  angles  £,  9  and 
formed  by  the  beam  for  side  1-2, 


£ 


"u-t 


sin  y. 


ki 


,£wii rCsinA> 


(a.5. 27) 
(A.5.28) 
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and  angles  A,  cp2  and  02  formed  by  the  beam  for  side  2-3, 


C  .  *=»  .  A  • 

2)i*  smO, 

_  cos  ?*  f  . 
En  t  *»  £u  "  *  A » 
231  stnOt 


(A.5.29) 


(A.5.30) 


For  side  4-3 


-  .  „  SHI  ?i 

£  *=  En - . 

4)  sin  G* 

cos 

£<31  =£„■— p-sinA. 
43 1  sin  0L 


(A.5.31) 


(A.5.32) 


For  side  1-4 


-  _  fin?« 

*•,-1  “2  i*14  A  • 

“  sin  0, 

„  „  cos?,  .  . 

B  it  — sin  A. 

11 1  sinO, 


(A.5.33) 


(a.5.34) 


The  summed  normal  component  of  the  field  for  all  four  sides  of  the 
rhombus  equals 


Ejl  °  £«X  +  £*X  +  £„X  +  £..i. 


(A.5.35) 


The  summed  parallel  component  of  the  field  for  all  four  sides  of  the 
rhombus  equals 


£l  =£I2J  +  £ai  +£43»  +fwi- 


(A.5.36) 


Substituting  in  formulas  (A.5.35)  and  (A. 5. 36)  in  place  of 
£«J.  ’  '  £«x  ’  £ «xj  "  £'*»’  £»«’  £«*’  £»«i 

their  expressions  from  formulas  (A. 5. 27  -  A.5.34),  in  place  of  E^, 

E^  and  E^  their  expressions  from  formulas  (A. 5.16  -  A. 5. 19),  in  place  of 
cp^  and  cp2  their  expressions  from  formula  (A. 5. 12),  and  making  the  corresponding 
conversions,  we  obtain  the  following  expressions  for  the  normal  and  parallel 
components  of  the  field  strength  vector  for  a  rhombic  antenna 


,30/or  cos(l> +  ?)  cos  1 . . 

’j.-'-r - r+  r  r 

I  sin  (<P  -f  <?)  cos  A  -h  i  —  sin(tf>  — f)cosA  +  l“  J 

^  |  j  _  pllulnto'+^leosl— iJ/j  J  j gtWsIiUO-Vjcosi— tV  )>  (A.5.37) 


B.. - i^sioA 

1  r 


sin  (0  4-  <?) 


sin(0-»y) 


l  (0  4-  ?)cos  A  -H sin(0— f)  cos  A  4- 


^]x 


X  (1  —  «t|,,l0<*+rtCOT4~T]/}  jj  —  gCUsliKO-tfsotf-iyj. 


(A.5.38) 
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Formulas  (A. 5.37)  and  (A. 5.38)  yield  the  expressions  for  the  field  strength 
of  a  rhombic  antenna  without  the  influence  of  the  ground  being  taken  into 
consideration* 

If  this  influence  is  taken  into  consideration,  the  formulas  for  the 
normal  and  parallel  components  of  the  field  strength  vector  will  take  the 
following  form' 


CO/, 

r 


COS  (0  -j-  ?) 


cos  (0  —  ?) 


7  7 

sin  (0  -}•  f)  cos  A—i  —  sin  (0  •—  <j)cos  A+  i 

a  a 

^  J| c[lis»n(<<+y)cosl— 7’l  J  jj ^[l«slit(‘0— yJcosA— J  ^ 

X  [l  -r  i/?j.  !  Je/ft,nA*]> 


30/c 

■  i - sin  A 

r 


sin  (0  -j-  ?) 


sin  (0-|-  o)cos  A-fl  ■ 


sin  (0—  f) 


sir.(0— f)  cos  A  i  — 


x{i—  ctl«in{0  rtfcosJ— • tV  )  ji  _c(i*»in<0-v>co*A-T]/j^Jl  _  —  2*//»l"S>j, 


(A.5.39) 


(a.5.40) 


where 

|Rj{  is  the  modulus  of  the  coefficient  of  reflection  normal  for  the 
polarized  wave; 

|R|i|  is  the  modulus  of  the  coefficient  of  reflection  parallel  for  the 
polarized  wa\«; 

and  §||  are  the.  arguments  for  the  coefficients  of  reflection  normal 
and  parallel  for  the  polarized  waves.  • 


t 


Appendix  6 


Derivation  of  the  radiation  pattern  formula  for  the  traveling 
wave  antenna  _ _ _ _ 

In  its  general  fora  the  traveling  wave  antenna  radiation  pattern  formula 

can  be  written 

1  =  f, (t)f„(c)f.(g),  (A.6.1) 

.  c  1  i 

where 

I  is  the  current  flowing  at  the  receiver  input; 
c 

f^(t)  is  a  factor  which  characterizes  the  directional  properties  and 
receptivity  of  one  dipole  in  a  traveling  wave  antenna; 
f  (c)  is  a  factor  which  characterizes  the  summation  of  the  currents 
•flowing  in  the  individual  dipoles  at  toe  receiver  input; 
f^(g)  is  a  factor  which  characterizes  the  influence  of  the  ground  on 
receptivity* 

(l)  the  factor  f^(t). 

The  equivalent  circuit  for  a  traveling  wave  antenna  has  the  form  shown 
in  Figure  A  ,6, 1. 


Figure  A.6.1. 
A  -  receiver. 


It  has  already  been  pointed  out  in  Chapter  XIV  that  if  the  summed  impedance 

Z.  +  Z  , .  is  sufficiently  great  as  compared  with  the  characteristic 
in  coupling 

impedance  of  the  collection  line,  and,  moreover,  if  the  distance  between  ad~ 
jacent  dipoles  is  short  as  compared  with  the  wavelength,  then  the  collection 
line  can  be  considered  to  be  a  line  with  uniformly  distributed  constants. 

Since  the  conditions  pointed  out  are  in  fact  observed,  it  will  be  assumed  in  1 
the  course  of  analyzing  the  operation  of  a  single  balanced  dipole  that  the 
dipole  is  operating  in  a  line  which  has  a  constant  characteristic  impedance. 

The  corresponding  equivalent  schematic  diagram  of  the  operation  of  a  single 
dipole  is  shown  in  Figure  A. 6. 2. 

Figures  A.6.1  and  A. 6. 2  show  the  equivalent  circuits  for  the  case  when 
condensers  are  used  as  decoupling  resistors.  The  equivalent  circuits  are  of 
a  type  similar  to  those  of  other  types  of  decoupling  resistors. 

In  order  to  simplify  what  has  been  said,  let  us  assume  that  the  receiver 
input  impedance  is  equal  to  the  characteristic  impedance  of  the  collection  line. 
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The  equivalent  circuit  in  Figure  A. 6.2  can  be  replaced  by  the  simpler  circuit 
shown  in  Figure  A.6.3. 

In  Figure  A. 6.2  resistor  R^  is  equivalent  to  tha  left  side  of  the.  col¬ 
lection  line,  while  resistor  R^  is  equivalent  to  the  right  side  of  the 
collection  line. 


Figure  A. ts.2.  Figure  A.6.3* 

A  -  receiver. 

The  current  flowing  from  the  point  where  tha  nU>  dipole  is  connected  to 
the  receiver  equals 


*m4'Zu>  + 


JL  ’ 

2 


£o  1  1  COS  {a  /  COS  0)  —  CO*  a  l  ’ 

*  sh  7/  sin  8  ' 


(A.6.2) 


(A. 6.3) 


where 

Y  is  the  propagation  factor  for  the  •  electromagnetic  wave  on  a 
balanced  dipole; 

Eq  is  the  field  strength  at  the  center  of  the  balanced  dipole; 
6  is  the  angle  formed  by  the  incoming  beam  and  the  axis  of  the 
dipole. 

Substituting  formula  (A.6.3)  in  (A.6.2),  we  obtain 


_ I  cos  {s  i  cos  0)  —  cos  at  ^  g 


„  IF\  shf 


IF\  sh*/  sinO 


Angle  0  can  be  expressed  by  the  azimuth  angle  and  the  angle  of  tilt 
(fig.  A. 6. 4) 


cos  0  =•  cos  U’cos  A, 


(A.6.5) 


where 


V  is  the  azimuth  angle  of  the  incoming  beam,  read  from  the  axis  of  the 
dipole; 

A  is  the  angle  of  tilt  of  the  incoming  beam. 
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u  . 


Let  ©  be  the  a.'imuth  angle  of  the  incoming  beam,  read  from  the  direction 
of  the  collection  line.  Then  V  =  90  -  <p. 

Substituting  this  value  for  V  in  (A. 6. 5),  we  obtain 


co  ••  6  —  cos  (00  —  <f)  cos  A  ==  sin  y  cos  A 
sinO~/l  —  cos1!/  =;  ^  1 — sin’ycos’a 


)' 


(A. 6. 6) 


Substituting  the  expressions  for  cos  Q  and  sin  9  in  formula  (A. 6. 4),  we 
obtain 

1  cos  (a  /  sin  y  cos  A)  — cos  a  l 


1,(1} 


I  .  W  \  ; 

l‘za>'l*  -2  ) 


sh  7  /  /  1  —  sin»?cos»A 


(A.6.7) 


Figure  A. 6.4. 

A  -  top  view;  B  -  side  view;  C  -  receiver. 


(2)  the  factor  f^(c) 

Formula  (A.6.7)  will  yield  an  expression  for  the  current  caused  to  flow 
by  the  eraf  across  a  single  balanced  di;/ole,  ana  moren^er,  the  formula  will 
yield  the  current  fj owing  in  the  coll  otion  line  at  the  point  where  the 
particular  balanced  dipole  is  connected. 

Let  us  find  the  expression  for  th  j  current  causrd  to  flow  by  the  eraf 
across  a  single  balanced  dipole  at  the  receiver  input.  Let  us  assume,  for 
purposes  of  simplicity  of  explanation,  that  the  receiver  is  connected 
directly  to  the  end  of  the  collection  line.  The  expression  for  the  current 
at  the  receiver  input  should  take  into  consideration  the  change  in  the 
phase  and  the  amplitude  of  the  current  during  the  propagation  process  from 
the  point  at  which  the  dipole  is  connected  to  the  receiver  input. 

Moreover,  the  phase  of  the  eraf  induced  by  the  wave  should  be  t,«Ken 
into  consideration. 

The  change  in  amplitude  and  phase  as  the  current  is  propagated  along  the 
collection  line  can  be  computed  by  multiplying  the  right-hand  side  of  equation 
(A.6.7)  by  the  factor 


•C-Tt<»r«)4, 


(A.6.7) 
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where 

Yc  is  the  propagation  factor  on  the  collection  line; 
n  is  the  dipole  ordinal  number; 

(n~l) is  the  distance  on  the  collection  line  from  the  point  at  which 
the  nil  dipole  is  connected  to  the  receiver  input. 

The  propagation  factor  consists  of  a  real  and  an  imaginary  part 

wher  e 


v  is  the  rate  of  propagation  on  the  collection  line; 
c  is  the  rate  of  propagation  of  radio  waves  in  free  space; 

3C  is  the  attenuation  factor  for  the  collection  line. 

Change  in  the  phase  of  the  emf  induced  in  the  dipoles  is  determined  by 
the  change  in  the  phase  of  the  field  strength. 

Let  us  take  the  phase  of  the  field  strength  vector  at  the  center  of  the 
first  dipole  as  zero.  Then  the  phase  angle  for  the  field  strength  vector 
at  the  center  of  the  nil  dipole  equals 

y  «  a  («—  !)/,C0S  x,  (A. 6. 8) 

where 

x  is  the  angle  formed  by  the  direction  of  the  beam  and  the  collection 
line. 

Thus,  the  field  strength  at  the  center  of  the  nil  dipole  equals 


(A.6.9) 


Angle  x  can  be  expressed  in  terms  of  the  azimuth  angle  and  the  angle 
of  tilt  as 


COS  X  =3  COS  y  cos  4.  (A.6.10) 

Substituting  the  expression  for  cos  x  in  formula  (A.6.9),  we  obtain 


£•«=£,  (A. 6.11) 

The  current  from  the  nil  dipole  at  the  receiver  input  equals 


In  =  h  (/) c(«-i)(u».;c„1_V/t<  (A.6.12) 

The  summed  current  from  all  N  dipoles  at  the  receiver  input  equals 


A’  Ar 

f=*/»{02  l«  =* /i (0 y,  (A.6.13) 

.  n-l  n-1 
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The  expression  containing  the  symbol  E  is  the  sum  of  the  terms  of  a 
geometric  progression  of  the  type 

S=1  +  «  +  «*  + - +qN (A.6.14) 


As  we  know,  this  sum  equals 


In  the  case  which  has  been  specified 

q  --  e0««fcosi— 

Using  the  relationship  at  (A. §.,15),  we  obtain 

gA’ilcicosjcoii— t£)/,  _  ] 

•  '  I  =  / 1  (0  0(|JCOJ.fCOS4—  7C)<1 _  ]  • 


(A.6.’5) 


(A.6.16) 


* 

The  factor  characterizing  the  summation  of  the  currents  from  the  in¬ 
dividual  dipoles  at  the  receiver  input  can  be  expressed  by  the  formula 


c,V(|JCOJ»COSA— _  1 
ii(C)  ~  e(iiCO,fC05A— TC)J|  _  1  * 


(A. 6.17) 


(3)  the  factor  f^ (g) 

The  influence  of  ideally  conducting  ground  on  the  radiation  pattern  of 
a  horizontal  antenna  can  be  defined  by  the  factor 

f^(g)  o  2sin(c  H  sinA),  (A.6.18) 

where 

H  is  the  height  at  which  the  antenna  is  suspended. 

(4)  the  complete  formula  for  the  space  radiation  pattern  for  a  traveling 

wave  antenna _ _ 

This  formula  has  the  following  form 


_ 21: a  ,  I  cos  (1 1  -tin  q  cos  A)  —  co;  a  <  ^ 

cW«o»;«»i-7fV.  _j  (A.6.19) 

X  c(l«os,cou— jeK,  _  j  *‘n  (*  N  **n  ^)* 
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(A.7.4) 
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where 

are  the  wave  currents  outflowing  in  lines  1-2  and  1-4; 

I  are  these  same  wave  currents  returning  to  point  1  after  flowing 
around  the  entire  current  circulating  path. 

After  conversion,  formula  (A.7»4)  can  be  given  in  the  form 


e-i-  (i_c-n»t-tfQ 


630 


hn 


UL-W-  4 


(A.7.5) 
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Appendix  8 


o 


Analysis  of  reflectometer  operation 

Let  there  be  only  a  traveling  wave  on  the  transmission  line,  and  let 
there  be  no  losses  in  that  line*  Then  the  current  flowing  in  the  transmission 
line  and  the  voltage  across  the  transmission  line  will  only  change  in  phase, 
remaining  fixed  in  amplitude,  and  the  electrical  lines  of  force  moving  from 
one  conductor  to  the  other  will  be  normal  to  the  axis  of  the  line.  Let  us 
place  a  long  line  segment  ad-bc  between  the  transmission  line  conductors 
and  hook  np  impedances  Z  and  Z  (fig.  A.8.1)  to  the  ends  of  the  segment. 

We  seleci  the  dimensions  of  this  line  such  that  its  coupling  to  the  trans¬ 
mission  line  is  so  loose  that  no  considerable  change  in  the  characteristic 
impedance  of  the  transmission  line  will  be  noted.  An  emf  will  only  be  in¬ 
duced  in  the  line  along  sides  ad  and  be.  Then,  if  we  designate  the  emf 

induced  in  side  ad  by  e,  .  the  emf  induced  in  side  be  will  be  equal  to 

1  incident  ' 


2  in 


-ifift 


1  in 


The  current  flowing  in  impedance  Z^  equals 


‘i  -U,'  •!  Jz,  *  H 


(A.8.1) 


(A.8.2) 


where 


e'  .  is  the  emf  induced  in  side  be  and  converted  in  side  ad{ 
c*  in 

Z^  is  impedance  converted  at  the  ad  terminals)  - 


ex  ine  Xort/cosorl  +  i*z2^1ine»in0ft  U.8.3) 


2  in 


IP- 

cos  « t  sin  *  * 

*  —^cojBJ  +  Islnal 
^1 


(A. 8,4) 


where 


t?l(;ne)  is  the  characteristic  impedance  of  the  measuring  line. 


^  HanpaiKCM? 

Siuxemn  JHW 


nrrrr'i'  i  v  i  nrrm  -r  t~>~  rr 

#:iiWrTTfSni!iii- 


Figure  A.8.1. 

A  -  wave  movement. 


KJ 


J.. 
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Substituting  the  expression  for  in  (A. 6. 2),  we  obtain 


— >  la. 


Zi  +  2» 


■>  M- 


e~1,J  \ 

/ 


(A, ,8.5) 


And,  similarly,  we  obtain 


(A.8.6) 


As  will  be  seen  front  formulas  (A. 8. 5)  and  (A.8.6),  if  it  is  cssumed 

that  Z  *  Z  »  W  ,  then 
1  «  1 


/.  =  0 


(A.8.7) 


Accordingly,  only  current  1^  creates  an  incident  wave. 

If,  on  the  transmission  lino,  An  addition  to  the  incident  wave  there 

is  also  a  reflected  wave,  then  in  addition  to  the  e,  ,  and  e  .  enfs,  there 

x  in  <s  in 

will  be  yet  another  pair  of  eafs  across  the  Measuring  line,  re£lected 
e?  rajlecte(1*  And  in  a  Manner  similar  to  that  in  the  foreoging,  it  is 
readily  roven  that  as  a  result  of  the  re£lected  ««>  *>2  reflected  when 


Z„  «  Z,  W,  a  current 
2  1  line 


I2  =  ®1  refl 


/2'  x  (l-e“i2ofl) 


(A.8.8) 


will  flow  in  impedance  Z^ 

1110  el  reflected  and  s2  reflected  emfs  wiil  caU8e  00  current  to  floW  in 
impedance  Z^  since 

el  incident  *s  ProPort*onai  to  the  incident  wave  current  flowing  in 
the  transmission  line; 

is  proportional  to  the  reflected  wave  current  flowing  in 


1  reflected 


the  transmission  line. 


r»  a  n/vO  ."O 

«n”wv»**uu 


/aa 


HANDBOOK  SECTION 


H,I.  Formulas  for  comp-  ting  the  direction  (azimuth)  and  length 
of  radio  communication  lines _ 

The  direction  of  a  line  can  be  characterized  by  its  azimuth,  that  is, 
by  the  angle  formed  by  the  arc  of  a  great  circle  and  the  northerly  direction 
of  the  meridian  passing  through  the  point  from  which  the  direction  is  to  be 
determined.  The  azimuth  is  read  clockwise.  Figure  H.I.l  shows  the 
azimuths,  a ,  of  points  a,  b,  e,  and  c,  located  in  different  directions  from 
point  A.  Azimuth  is  read  from  0°  to  360°  • 


Let  us  use  the  cosine  formula  for  a  triangle  to  determine  the  direction 
(azimuth)  and  the  length  of  a  line  connecting  points  A  and  C  (fig.  H.1.2) 


cos  a  =  cos  b  cos  c  4:  sin  b  sin  c cos  « 
cos  6  =>  cos  a  cos  e  4*  sin  a  sin  e  coj  ft 
cos  c  =  cos  a  cos  b  +  sin  a  sin  b  cos  7 


(H.I.l) 


as  well  as  the  sine  formula 


sln«  sin  3  sin  7  (H.1.2) 

sin  a  sin b  sine 

where 

a,  b,  c,  and  o,  3i  Y  are  the  sides  and  the  angles  of  a  specific  triangle, 
ABC,  formed  by  the  arcs  of  great  circles  passing  through  points  A 
and  C  and  the  north  pole,  B. 

The  sides  and  the  angles  of  triangle  ABC  are  expressed  in  degrees,  and 
are  associated  with  the  geographic  latitudes  and  longitudes  of  points  A  and 
C  by  the  following  relationships 


0  =  90’  —  »„ 
c  =  90°  — 0„ 
P=»Ts  —  Ti* 


(H.I.3) 
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where 

cp^  and  (p^  are  the  longitudes  of  points  A  and  C; 

0  and  6  are  the  latitudes  of  points  A  and  C.  - 
1  « 

The  formulas  at  (H.I.3)  are  algebraic  in  nature,  which  is  to  say  that 
when  they  are  used  the  signs  of  the  latitudes  and  the  longitudes  must  be 
taken  into  consideration.  Vo  will  take  it  as  convention  to  read  north  lati¬ 
tude,  N,  and  east  longitude,  E,  as  positive,  and  south  latitude,  S,  and  west 
longitude,  V,  as  negative. 

The  direction  (azimuth)  of  the  line  is  determined  through  formulas  (H.X.l) 
through  (H.I.3). 

The  distance  between  points  A  and  C  can  be  found  through 

d  ®  2nRb/360  «  6.28*6370/360  b  »  111b  (km),  (H.I.4) 

where 

R  is  the  radius  of  the  earth  (R  a  6370  km); 

b  is  the  angular  distance  between  points  A  and  C,  expressed  in  degrees. 

Example  1.  Point  A  is  Moscow.  Point  C  is  Kuybyshev.  Find  the  azimuth 
and  the  length  of  the  line  between  Moscow  and  Kuybyshev. 

The  geographic  coordinates  (latitude  and  longitude)  of  Moscow  and  Kuybyshev 


Name  of  point 

Latitude 

Longitude 

Moscow 

=  55*44*45"  N 

»  37*17 ’30"  E 

Kuybyshev 

Q  =  53*10*30"  N 

cp_  =  49*45 ’30"  E 

In  accordance  with  (H.I.3)  c  =  90°  —  0t  =  90°  —  55°44'45*  =  34’1S'I5' 

a  «=  90’  —  0,  =  90°  —  Sy  I0'30'  =  36,49'30* 

P  =  ?,  —  T,  =  49°45'30'  —  37°l  7'30*  «  12°28\ 

In  accordance  with  (H.I.l) 

cos  b  =  cos  c  cos  a  -f-  sin  c  sin  a  cos  p  =  cos  34"  15' I  S'  cos  36°49'30'  + 

.  •  .  +  sin  344J5'I5' sin  36°49'30'  cos  I£°28'  =  9,9911, 

from  whence 

b  «  7*39'  “  7.65°. 

In  accordance  with  (H.I.4) 

d  =  111b  »  111  •  7.65°  a  849  km. 


The  azimuth  of  the  line  between  Moscow  and  .Kuybyshev  can  be  determined 
from  the  relationship  '  sinn-slnf  «  «*i.n  o«e 


0,5993-0,2159 

0,1331 


from  whence  a  can  have  two  values 


o-j  -  75*42*  or  a?  -  180-75*42*  -  104°  18*. 
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Since  Kuybyshev  is  located  to  the  southeast  of  Moscow,  as  will  be  seen 
from  Figure  H.I.2  the  angle  formed  by  the  Moscow-Ksiybyahev  line  and  the 
northerly  direction  of  the  meridian  is  obtuse,  so 


=  <y_  -  104*18*. 


Example  2.  Point  A  is  New  York.  Point  C  is  Moscow.  Find  the  azimuth 
and  the  length  of  the  line  between  Moscow  and  New  York. 

The  geographic  latitudes  and  longitudes  are 


Name  of  point 

Latitude 

Longitude 

New  York 

0  =  40°4l ’55"  N 

9l 

-  73*58*21 (*  V 

Moscow 

02  =>  55°44’45"  N 

*2 

-  37*17*30’!  E 

e  =  90°  —  0,  =  00°  —  40o4  J'55*  =  49518'0S\ 
a  «=  90’  — •  0,  —  903  —  55°44'45'  «=  34“IS'  IS*,  • 

P  »  V.  —  ?i  =  37*17'30*  —  (—  73°58'2t*)  =  1U*1S'5I*. 
coj  ft  cos  e  cos  c  +  sin  c  sin  a  cos  f)  =  0,6521  -0,8266  + 

+  0,7581  -0,5628  (-  0,3654)  =  0,3832, 

from  whence 

b  »  67°28»  »  67.467° 
d  =  111b  »  111  •  67.467  «  7492  km 


The  direction  (azimuth)  from  Moscow  to  New  York,  i*'  determined  from 


the  relationship 

slnc-sinp  sin49°18'05*-sinl  1  l°15f51* 
S  P 1  “  sin  ft  ”  sin  67°28' 


0,7581-0,9319 

0,9237 


0,764. 


from  whence 


Y  -  49*49’. 


New  Yor?<  is  to  the  west  of  Moscow,  so  the  azimuth  of  the  line  Moscow* 
New  York  equals 


Y’  «*  360°  -  v  “  360°  -  49°49’  »  310*11’. 


H.II.  Formula  and  graphic  for  use  in  computing  the  angle  of  tilt 
of  a  beam  to  the  horizon _  _ 

The  formula  for  computing  the  angle  of  tilt  of  a  beam  to  the  horizon  is 

in  the  form 


p-n+wd-cos*) 

(t-H)sln*  ’  (H.JI.l) 

where  a  JL  „  „ 

P"T*  *  2*2.  *  - 
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and 

H  is  the  height  of  the  reflecting  layer,  in  km} 

R  is  the  earth's  radius  (R  »  6370  km)} 

d  is  the  length  of  the  wave  jump,  measured  in  kilometers}  that  is,  the 
distance  between  two  adjacent  points  of  ref  ration  from  the  earth, 
measured  along  an  arc  of  a  great  circle  on  the  earth. 

Figure  H.I1.1  contains'  the  curves  providing  the  dependence  between  the 
angle  of  tilt,  A,  the  height  of  the  reflecting  layer,  H,  and  the  length  of 

r 

the  wave  jump,  d. 


H.IIX.  Graphics  for  computing  the  mutual  impedances  of  parallel 
balanced  dipoles _ 


#H.III,1.  Auxiliary  functions  of  f(6,u)  for  computing  the  mutual  impedances 
of  balanced  dipoles* _ 

(a)  General  expressions  for  the  functions  and  their  properties 

As  was  pointed  out  in  #V.12,  the  functions  of  f(6,u)  can  be  expressed 
by  the  formulas 


where 


/,(»,  o)  =  si  (^u‘  +  6*  +«)  + si(/u*Tsr  — «) 

/,(*.  <Q°sl  (VW+i*  +u)  —  sl  —u) 

u)*=ci  (/«*  +  »»  u)  -f- ci  (/u«  -f  6»  — u) 
/«(*.  «)  =  cl  (y  u»  +  «*  +  u)  —  ei  (/(i*  -h  »*  —  u) 


6  •  ■  2rT*d/X» 


1.  Graphics  for  the  functions  of  f($,u)  were  compiled  by  L.  S.  Tartakovskiy. 
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In  the  mutual  impedance  expressions  the  variable  u  takes  the  value 


Figures  H.III.l  -  H„III.4  are  the  graphics  of  the  dependence  of  the  functions 
of  f(6,u)  on  y  «  u/2tt.  The  graphics  were  constructed  for  various  values  of 
d'  °  d/\  ■  6/2rr  and  for  values  of  y  =  u/2n,  changing  in  the  range  from  0  to 
5.25. 

From  (H.III.l)  we  see  that  all  four  functions  are  even  with  respect  to 
the  variable  6,  that  is 

f(-6,u)  ■=>  f(6,u). 

The  functions  f^(6,u)  and  f^(6,u)  are  even  with  respect  to  the  variable  u, 
and  the  functions  f2(fi,u)  and  f^(o,u)  are  odd.  That  is, 

/,(».-«)  =  /, (6.  u);  /,(».-«)  =  /,(»,  u); 

/« (».—«)  =  —  /, (»,  it);  —  u). 

Consequently,  fcr  negative  values  of  6. and  u,  the  functions  of  f(fi,u)  can 
be  determined  from  the  data  on  these  same  functions  for  positive  values  of 
6  or  u. 

Figures  H.III.l  -  H.III.4  contain  the  values  for  the  functions  of  f(6,u)  - 
for  positive  values  of  6  and  u. 

(b)  Special  expressions  and  limiting  values  for  the  functions  of 
f 

Table  H.III.l  contains  a  summary  of  expressions,  or  values,  which 
use  functions  of  f(6,u)  when  one,  or  both  arguments  vanish. 

Table  H.III.l 


/,(&.  u) 
/,(».  «) 
/>(».  «) 

/«(»■  «> 


2/5r  sh  — : 

0 
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and  X  ,  given  the  following  conditions 


l  «  0.625X,  Hx  -  0.5X,  d  -  X» 

from  whence 

p  =  al<=2*~  ■■=!  2*  0,025 

*  =  «/*,  =»  2Ky  =2x0,5 

&  =  c  d  =  2k  =  2x 
p-j-p  =  2x  1,125 
9  —  p  =  —  2x0, 125 
$  +  2p  =  2x  1  .73 
?  —  2p  =  —  2x0,75 

sin  e  =  sin  2x  0,5  =  sln  180“  =  0,  cos  $  =  —  1, 
sin  C«J  +  2p)  =  sin  2x  1 ,75  =  sin  530“  =  —  1 ,  cos  (<r  -V  2p)  =  0, 
sin  [q  —  2 p)  =  sin  ( — 2x  0,75) =  *»• ,  270“)  =  1 ,  cos  (f  —  2 p)  =  0. 


Example.  Find 


Utilizing  the  curves  in  Figures  H.IIX.l  through  H.IXI.4,  and  taking 
the  evenness  of  the  functions  of  f^(fi»u)  and  f^(6,u)  and  the  oddneso  of  the 
functions  f^S.u)  ,md  f^(fi,u)  into  consideration,  we  obtain 


1 1  (S,  <?)  =■  h  (2*.  2*  0,5)  =  3,445 
t.a,  ,  +  »)=/.  2*.  2x  1,125)  =  3,330 
lX  5-P)  =  /I(2«,-2xO  1M)=2.920 
/,(&,  4  +  2p)  =■ /,  (2*.  2e  1,75)  =  3 
/,(«.  p-2p)  =  M 2«.-2x  0,75)=3.344 
/i  »  9)  =  M2*  2k  0.5)  =>-0,149 
/,  V.  9  +  P)  =  /.  (2*.  2x4 . 125)=— 0, 137 
MS.  ,-p)=/,(Vx.-2x.  0,125)= — 0,005 
/,(S,  <j  +  2p)=>  ),(2x,  2x  1,75)  =  0,137 
MS.  9-  2p)  =  /*  (2*. —  2*  0,75)=0,360 


/, {».  9)  =  /,  (2c ,  2k  0,5)  =  —  0. 178 
MS.  9+P>=/»(2*.  2x  1,125)=0,289 
/,(&.  9-P)=/,(2x. -2x0.125)— 0,059 
MS,  ,  +  2 p)  =  /,  (2x,  2x  l  ,75)  =  0.427 
/,  S  9-2p)=/s  (2*. -2k  0,75)  =0.068 
/as.  9)  =  /. (2*.  2x0.5)  =  0,062 
/«(».  9+p)  =/*(£*■  2x  1,125)= — 0,370 
/« (S.  9— P)=”/»(2k.—  5hO,12£)  =  —  0,22 
L  (S.  9+2p)=/i(2k,  2k  1,755  — 0,511 

/V(S.  9-2p)=>/«(2*.-2k  C.7S)  =  0.0*8 


Substituting  the'  values  obtained  for  the  function*  in  the  expressions 
for  the  coefficients  K,  L,  M.  and  N,  we  find 


Xi— 0,312 
X,-  0,262 
X,-  0,221 
Mi-  1,428 
Mj—  0,291 
Af,—  0582 


L,—I,i72 
.1,-0,329 
Lt-  0,003 
A',— 3,280 
A',-  0,215 
X,,— 0549. 


Substituting  the  numerical  values  obtained  in  formulas  (V.12.5)  and 
(V.12.6),  we  obtain 


»  16..95  ohms 


and 


X12  -  32.75  ohms 
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#H.III.2.  Graphics  of  the  mutual  impedance  of  parallel  balanced  dipoles 

Figures  H.III.6  -  H. XII. 21  contain  the  graphics  for  the  active,  R  ,  and 

Jl2 

reactive,  X  ,  components  of  the  mutual  iespodance,  equated  to  the  current 
loop  for  two  parallel  half-wave  dipoles  (f;’,<j.  H.ZZZ.5).  These  graphics 
have  been  taken  from  V.  V.  Tatarinov. 

Figures  H.ZZZ.23  -  H.IIC.3’8  contain  tho  graphics  for  the  active,  RJ2, 
and  reactive,  X  ,  components  of  the  mutual  impedance  of  two  identical 
parallel  balanced  dipoles  when  there  is  no  mutual  displacement  alonq  the 
direction  of  their  axes  (fig.  H. Ill. 22).  Thu  values  of  tho  components  of 
tho  mutual  impedance  are  equated  to  the  current  loop. 


Figure  H. 1X1.5* 


ki-4  • 


Figure  H.ZZI.6. 


ttfaaomm*****  ’ 
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Figure  H.IZI.  7* 
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Figure  H.ZZI.8. 


Figure  H. III. 24 


Figure  H. III. 25 
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H.XV.  Formulas  for  computing  the  distributed  constants  and  characteristic 
impedances  of  transmission  1  ines _ _ 


#H.IV.l.  The  relationships  between  and  V 

As  was  explained  in  Chapter  I,  the  characteristic  impedance  of  a  line 
at  high  frequencies  can  be  taken  equal  to 


where 


(H.IV.l) 


and  are  the  inductance  and  capacitance  per  unit  length  of  the 
line. 

In  formula  (H.IV.l)  L  ,  C  ,  and  W  are  measured  in  practical  units; 
henries  per  meter  (h/m),  farads  per  meter  (f/m),  and  ohms.  Accordingly, 
V  equals 


W  "Yl  (h/m)/C  (f/m).  ohms  (H.IV.2) 

If  and  are  measured  in  absolute  units,  centimeters  of  inductance, 
and  centimeters  of  capacitance  per  centimeter  length,  the  characteristic 
impedance  can  be  expressed  through  the  formula 

W  a  36  (cm/cm)  /  (cm/cm) ,  ohms  (H.IV.3) 

j 

If  the  line  is  in  free  space,  or  in  air,  the  electrical  parameters  of 
which  are  virtually  the  same  as  the  free  space  parameters,  then 

L1(h/m)C1(f/m)  =  1/9 -101 6 (sec2/®2)  (H.IV.4) 

or 

L^(cm/cm)C^(cni/cm)  =  1  .  (H.IV.5) 

Substituting  (H.IV.4)  in  (H.IV.2)  and  (H.IV.5)  in  (H.IV.3),  we  obtain 
the  fact  that  the  characteristic  impedance  equals 

8  8 

w  =  1/3 *10  C,  (f/m)  =  3-10 Z.  (h/m),  ohms  (H.IV.6) 
or 

W  m  30/C^ (cm/ cm)  =  30  L^(cav/cm),  ohms  (H.IV.7) 

Given  below  are  the  formulas  for  computing  the  distributed  constants 
per  unit  length;  capacitance  C  ,  inductance  L, ,  pure  resistance  R, ,  and  the 
characteristic  impedance  W. 

The  formulas  are  given  for  a  number  of  the  most  frequently  used  types 
of  lines. 
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#H. IV.2.  Formulas  for  computing  L^,  C^,  ,  and  W 

(a)  A  long  horizontal  conductor  suspended  close  to  the  ground 
The  capacitance  per  unit  length  of  the  line  (conductor)  is 


9- 10»*2  In 


4// 


(H.IY.8) 


where 


H  is  the  height  at  which  the  conductor  is  suspended! 
d  is  the  diameter  of  the  conductor; 

H  and  d  are  measured  in  the  same  units. 

The  inductance  per  unit  length  of  line  is 


1  4  H  f  h\  „ ,  4//  /cm\ 

1  10’  d  \»J  .  d  \cmJ 


(H.IV.9) 


The  pure  resistance  per  unit  line  of  a  copper  conductor  (ground  effect 
not  considered)  is 


„  1.18  (Mm i  l-I.S- 10  3  rtjji 
Rx=*  d/r'  *  “  dVr  'em’ 


(H.IV.10) 

\ 


where 


d  is  the  diameter  of  the  conductor,  in  mm; 

\  is  the  wavelength  in  meters. 

The  pure  resistance  per  unit  length  of  a  conductor  made  of  any  material 


xa 


H*!0,-i/V,j>  »h*a 
Ri  -  ~~r  i'  T*  « 


(H.IV.ll) 


where 


y-v 


d  is  the  diameter  of  the  conductor  in  mm; 

A  is  the  wavelength  in  meters; 

p  is  the  specific  resistance  of  the  material  of  which  the  conductor  is 
made  (ohms/meter); 

is  the  relative  permeao.tlity  of  the  material  of  which  the  conductor  is 
made. 


Given  below  are  the  values  of  p  and  ^  for  various  metals. 


w3f**m* 
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Metals 

P (ohms/m) 
at  20®C 

“r 

Copper,  cold  drawn 

0.177  *  10-7' 

1' 

Copper,  annealed 

0.1725  *  10"7 

1 

Aluminum,  industrial,  cold  drawn 

0.282  .  10"7 

1 

Zinc,  traces  of  iron 

0.575  •  io"7 

1 

Iron  99,  9896  pure 

-7 

1  •  10 

80 

Steel 

1  to  2  •  10-7 

80 

Steel,  manganese 

7.15  *  10"7 

80 

Tne  values  are  given  for  high  frequencies. 
The  characteristic  impedance  of  the  line  is 

V  =  60  In  4H/d  ohms 


(H.IV.12) 


Formulae  (H.IV.8)  through  (H.IV.ll)  do  not  consider  ground  conductivity 
characteristics  other  than  ideal. 

(b)  A  two-conductor  line 

The  capacitance  per  unit  length  of  the  line  is 


‘"•[T+ycf)’-1] 


(H.IV.13) 


where 


D  is  the  distance  uetween  the  conductors; 
d  is  the  conductor  diameter; 

D  and  d  are  measured  in  the  same  units. 
The  induct. nice  per  unit  length  of  line  is 


(H.IV114/ 


The  pure  resistance  per  unit  length  of  a  copper  wire  line  is 

n  K  (‘hub  Q  L  ,  (H.iv.15) 

’  dVT  'em/ 


where 


d  is  the  conductor  diameter  in  mm; 
\  is  the  wavelength  in  meters. 


D*  iVvQ  f.Ct 

•  »A-V/VW-UV 


662 


The  pure  resistance  per  unit  length  of  a  line  of  any  metal  is 


22-i0»  M_  "ha* 
d  ■  V  X  '  >»  • 


(h.iv.16) 


Th8  characteristic  impedance  of  the  line  is 

W7  =  i20  In  [—-I-  J  /  ( ~ -1  ].(*.«$  (H.IVu17) 

If  the  distance  between  the  conductors,  D,  is  very  much  greater  then 
their  diametex',  d,  formulas  (H. IV. 1.4),  (li.IV.l4),  and  (H.IV.17)  can  be 
simplified  and  will  be  in  the  form 


Cx 


U7  =  120  In  —  .  ohlni 
d 


(H.IV.18) 


(H.7.V.19) 

(H.IV.20) 


(c)  A  coaxial  line 

The  capacitance  per  unit  length  of  line  is 


where 


d^  is  the  inside  diameter  of  the  shield; 
d^  is  the  diameter  of  the  internal  conductor. 
The  inductance  per  unit  length  of  line  is 


Li 


(H.IV.21) 


(H.IV.22) 


The  pure  resistance  per  unit  length  of  a  copper  line  is 


(—  J  \  1  •  d3  olwi  /_[_  J_\  14,8-  I0~a  _  cw.>s 

\dl  +  dj  VX  m  ~  V  <4  +  d,  )  /\  'em’ 


(H.IV.23) 


The  characteristic  impedance  of  the  line  is 


W 


=  GO  In 


<1. 


ohms 


(H.IV.24) 


Formulas  (H.IV.21)  through  (H.IV.24)  are  given  without  taking  the 
effect  of  the  dielectric  insulating  the  internal  conductor  from  the  shield 
into  consideration.  The  calculation  for  the  effect  of  the  dielectric  on 
the  distributed  capacitance  is  made  by  multiplying  the  right-hand  side  of 
equation  ''H.IV.21)  by  the  magnitude 


rj* 


N_> 
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The  effect  of  the  dielectric  on  the  characteristic  impedance  can  be 
taken  into  consideration  by  multiplying  the  right-hand  side  of  equation 
(H.IV.24)  br-pffjg-y.' 

The  phase  velocity  is  obtained  as  equal  to 


'  > 


V I  +°(‘r —  I)  ' 


(H.1V.25) 


Mere  er  is  the  relative  dielectrical  permeability;  that  is;  the  ratio 
of  the  dielectrical  permeability  of  the  insulating  di  iectric  to  the  di¬ 
electrical  permeability  of  air. 

a  is  the  fill  factor;  that  is,  the  ratio  of  the  volume  of  the  inner 
space  of  the  cable  filled  by  the  dielectric  to  the  total  volume  of  the  inner 
space  in  the  cable. 

#H.IV.3,  Formulas  for  computing  the  characteristic  impedance  of  selected 
types  of  transmission  lines _ 

(a)  TVo-wire  unbalanced  transmission  line  operating  on  a  single- 
cycle  wave  (fig.  H.IV.l). 

The  characteristic  impedance  can  be  found  through  the  formula 

117  “  30  in  T  l/^  (f)r.  ohms  .  (H.IV.26) 

If  H  D,  then 


»7  =  60  In 


2H 


VI O  ■ 


ohms. 


u  1 


-r 

1 

n 


Figure  H.IV.l. 

(b)  Three-wire  unbalanced  transmission  line  cperating  on  a 
single-cycle  wave  (fig.  H.IV.2)  H  y  D 


irru 

[/(•  +  *  f 


— 

Jn  ■>//»  ,  |  2 H.  d 

n  do  ~  n  D  2 0~ 

In  — 

57  =  60 _ _ _ d 


..  ohms  (H.IV.27) 


In  - 


’  \ 

H  r 


2+. 


2D 

InT 


/7777y~£T/77777777‘/7 
Figure  H.IV.2. 
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The  characteristic  impedance  when  the  wave  is  of  the  opposite  phase 
equals 


W 

opp 


2D\ 

m  CO  in -  ohms 

«.  / 4*.  . 


(H.IV.32) 


The  ratio  of  the  current  flowing  to  ground  to  the  current  flowing  in 
conductor  2  at  conductor  potential  (synbol  blurred  in  text)  equal  to  zero  is 


h 

U 


In 


,  VI 
In  — 

_ D,_ 

211 


V*  4 


(H.IV.33) 


Formulas  (H.IV.29)  -  (H.IV.33)  are  based  on  the  assumption  that 
and  >  D^,  and  that,  accordingly,  m  H. 

In  these  formulas 


H  =  +  H2/2. 

(e)  Single-wire  transmission  line  surrounded  by  n  shielded 

conductors  located  on  the  surface  of  a  cylinder  (fig*  H.XV.5)* 


Figure  H.IV.5. 


The  characteristic  impedance  of  the  inner  conductor  when  the  outer  con¬ 
ductors  are  grounded  equals 


(H.IV.34) 


The  characteristic  impedance  of  the  outer  conductors  when  the  inner  con¬ 
ductor  is  grounded  equals 


R7, 


( 


60 


In 


\ 

\ 


2  H 


In* 


211 


.  4H 


I 

J 


ohms 


(H.IV.35) 


The  mutual  characteristic  impedance  equals 
.  ,  2//  ,  ,  2// 

- iys - 


••  ohms 


(H.IV.36) 


The  characteristic  impedance  for  a  wave  of  opposite  phase  equals 


2 R- 

V  «  60  In  — ^7=  ' 
OPP  ,  A 

d‘Y2R 


(H.IV.37) 


h.  =  i  — 
U 


w 

!n 


(H.IV.38) 


(f)  A  multi-conductor  line  made  up  of  n^  conductors  located  on 
the  surface  of  a  cylinder  surrounded  toy  nj  shielded 
conductors  (fig«  H.IV.6). 

The  characteristic  impedance  of  the  inner  conductors  when  the  outer 
conductors  are  grounded  is 


U7,  =•  GO  |  In 


2 II _ Ri 

J/ZZ  -  _ 2"= 

R'V  2K,  ,n 

HlV  2Ri 


(H.IV.39) 


The  characteristic  impedance  of  the  outer  conductors  when  the  inner 
conductors  are  grounded  equals. 


«7l=.60  In - — - 

'  a  ^ "A 

K  2/^ 


2H  x 
In’  —  \  • 

Ri  I  . ohms 


f/ '«  A  in - ^ - 

V  2«l  -."/"A 

**  K  2R, 


— *Vr 


On 


V  K.A  I 

\-*—kRz-As  *1 


(H.IV.40) 


Figure  H.IV.6. 
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The  mutual  characteristic  impedance  equals 


In 


VK 


2  H  211 

i'/fllrfl  n  -."/Mi 

«*  y  151  *‘V  2J?7 


2// 

-,n,«r 


, 2// 


ohms 


(H.IV.41) 


The  characteristic  impedance  for  a  wave  with  the  opposite  phase  is 


V 

opp 


«  60  In 


gi  _ 

-."/"A 

W  V  Ml 


u 


.  2// 

,niT 


In 


2// 


p  nidi 

wr 


ohms 


(H.XV.42) 


(H.IV.43) 


where 

n^  is  the  number  of  conductors  in  the  shield; 

n2  is  the  number  of  inner  conductors. 

(g)  A  multi-conductor  uncrossed  balanced  transmission  line 
(fig.  H.IV.7). 


rJ»,„  ,  ohms  (H.IV.44) 

> 

n  is  the  number  of  conductors  passing  the  in-phase  current. 

(h)  Flat  balanced  transmission 'line  (fig.  H.IV.18).  a  J>  d. 

r-J0[4l"(1+-f)+»5^-2(^),l'  OK..  (H.IV.45) 


©  © 


© 

© 

.© 

© 


1 

©_i. 

0  ' 
© 

© 


it  • 


Figure  H.IV.7. 


Figure  H.IV.8. 


(i)  Conductor  in  a  shield  with  a  square  cross  section  (fig.  H.IV.9) 
D/d  >  2. 


IV  «=  601n  Li2Z®Pt  ohms 
a 


(H.IV.46) 
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Table  H.V.l 

Basic  data  on  materials  for  antenna  conductors. 


— 

D  flponoaOKa 

Kk 

tin. 

Xap.iKTcpiicTiiKa 

Marepxa/ioD 

to 

2  5 
=  n. 
z  ° 

MCAiinn 

TCCpAO* 

(5pOII30«  ! 

OAK 

SuMcra/t* 

Aimc- 

CTaAU* 

uax 

aAWMI!- 

irwcean 

TUCpAO* 

A 

B 

R  n 

r  s 

THiiyias 

E  _____ 

f  i< 

cxas 

_H _ ] 

ftuyraji 

g 

8,89 

"  8,89 

|1  8.3 

7,85 

2,7 

1 

yAC/lbllUil  DCC  . 

CM 1 

2 

Koyjxl>iimicHT  tom- 

nepaTypnoro  aiihch* 
noro  paomipemifl  a 

— 

17- 10_ 6 

18- 10  8 

I2-I0"* 

12- 10—® 

23-10-* 

3 

Mosyvu.  ynpyro’ 

CTIl  E . 

kg 

>13  000 

13  000 

19000 
—20  000 

20000 

6300 

4 

npww  npomio- 

CTH  .  .  . 

> 

42—43 

70 

76 

37 

16-17 

5 

rlpcACfl  ynpyrocrii 
. . 

> 

28—35 

40 

29 

29 

11 — 12 

6 

I<03<}x!>muiC!.T  yn-1 
pyroro  yA/mncnnH 
? . 

77*  I0-8 

77- 10“8 

62,5- KT8 

50-10-* 

189-10- * 

7 

CoiipOTSI3.1CH.IC 

nocToiiiiiioMy  toKy 
1  KM  AflHHU  npll  1  K». 
mm  noncpcinoro  cc- 
mchiih  npii  TCMnepa- 
Typa  -f-  20°U,  om  , 

17,84 

40,62 

') 

138 

29,5 

146 

8 

TciincpaTypHuft 

K03(JxJ)iniMCIIT  K3MC- 

hciihh  a/ioapiiMCO 

Koro  conponiB.iciuif 
nocTonniiOwy  tokj 
na  l*U . 

1 

0,00393 

0,00152 

i 

1 

0,0041 

L._ 

0,00155 

______  r|1 

— 

1.  depends  on  conductor  diameter. 

Key;  A  -  No,;  B  -  Characteristics  of  materials;  C  -  Units  of  measurement; 
D  -  Wire;  E  -  Copper,  hard  drawn;  F  -  Bronze;  6  -  Bimetallic; 

H  -  Steel;  I  -  Aluminum,  hard  drawn. 

1  -  specific  weight;  2  -  temperature  coefficient  of  linear  ex¬ 
pansion,  ai  3  -  modulus  of  elasticity,  E;  4  -  yield  strength; 

5  -  elastic  limit,  a;  6  -  coefficient  of  elastic  elongation,  8; 

7  -  DC  resistance  of  1  km  of  length  at  1  kv/mm  of  transverse 
cross  section  at  +20°C,  ohms;  8  -  temperature  coefficient  of 
{  change  in  the  electrical  resistance  to  DC  per  1°C. 


O',*-  -W-v  ***»—»'' 
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Table  H.V.2 

Basic  data  on  solid  conductors  used  in  antenna  installations 


X 

X 

* 

8.3 

X? 

to 

g 

8| 

PI 

3 

a 

I 

1 

■\t 

HaiiMCiiooamci 

a 

O 

e» 

4>  C 

2  * 

a 

2 

K1X1 

l 

nn 

npODOAOD 

C 

5 

5  3  ® 

c 

S« 

CTHHAaplOB 

i 

tx 

h 

4> 

O 

5.""  0 

2 

IS 

i 

A 

B 

5? 

<0 

c 

41 

V 

CJ 

D^> 

111. 

8 

fm 

,C Q  x 

H 

j 

l 

npoDoaoxa  cn.ioui- 

i.5 

1.77 

10,08 

15,71 

10 

nktP%97 

i 

Ha«  Median  rocpao- 

2,5 

4.91 

3,63 

43,6'i 

25 

taiiyTaH  <MC> 

3.0 

7.07 

2.52 

62,81 

35 

A 

3.5 

9,61 

1,82 

85,60 

48 

4.0 

12.57 

1.42 

111,71 

50 

2 

ripoDO.ioKa  cn.ioui- 

1 

0,78 

— 

6,98 

15 

GOSTfgl  12— 46 

nan  OTOwjKemiaH 

2 

3.14 

— 

27,92 

20 

«MM»,  MHrKafl,  ueA- 

3 

7,07 

— 

62,84 

40 

nan 

4 

12.57 

— 

111,71 

60. 

3 

ripoBO^OKr  6hmc* 
TajieiHMccKan 

1.5 

2. 

1.77 

3.14 

28,5 

20 

15 

26.5 

10 

15 

b?i *m 

3.0 

7.07 

6,7 

59.5 

25 

9 

4,0 

12.57 

3.8 

106 

40 

6.0 

28.20 

2 

— 

40 

* 

4 

riponoaoKa  CTaab- 

1.5 

1.77 

78.1 

13,9 

10 

GOST-1668 — 46 

1 

nan  oCtJKHODCHHan 

2.0 

3.14 

43,9 

21.7 

20 

l 

c  coAopwatweM  we- 

2.5 

4.91 

28,1 

33.5 

20 

* 

All  MCHCe  0.2% 

3.0 

7,07 

19.5 

55,5 

25 

4,0 

12,57 

11.0 

98.6 

40 

5 

19.63 

7.0 

154 

50 

6 

23.27 

4.9 

222- 

50 

5 

ripocoAOKa  CTa.ib- 

1.0 

0.78 

— 

6.17 

5 

OSTM 1458-39 

nan  ncpcna3omia«  tt 

1,4 

1.54 

— 

12.1 

10 

cnacmiaa 

2.0 

3,14 

— 

24.7 

15 

2.5 

4,91 

— 

38,5 

20 

5 

ripocoaoKa  a.iio- 

•  2 

3,14 

9.4 

8.5 

15 

GST-7567 

MiuuicoaH  npyr/ia* 

3 

7,07 

4.2 

19,1 

15 

.AT. 

4 

12,57 

2.4 

34  , 

20 

4.5 

15.90 

1.9 

42.7 

20 

7 

riponoaoKa  aara- 

1 

0,78 

37,6 

2,12 

— 

OST-7567 

MHimcDaa  MarKaa 

2 

3.14 

9.4 

8,5 

— 

«AM» 

3 

7,07 

4.2 

19,1 

_ 

4 

12,57 

2.4 

34 

— 

4.5 

15.90 

1.9 

42.7 

— 

8 

9 

A.ibApeft 

ripOROA  nao.nipo- 

0  4 

iiapysxn. 

12,57 

l|IOMK- 

2,65 

34 

— 

Damiuu  c  pC3M!ioooit 

AH3MCTP 

iiaaMioo 

130/imtncti  TIP-380 

ccwcmie 

0,0 

1.0 

— 

20 

— 

3.7 

2.5 

— 

35 

— 

4.6 

6,0 

70 

—  ' 

Key; .  A  -  No.;  B  -  conductor  designation;  C  -  conductor  diameter,  mm;  D  - 
cross  section,  mm^;  E  -  electrical  resistance  of  1  km  of  conductor 
at  20°C,  ohms;  F  -  weight  of  1  ka  of  conductor,-  kg;  G  -  weight  of  wire 
in  a  coil,  at  least,  kg;  H  -  no.  of  standard. 

1  -  wire,  solid,  copper,  hard  drawn,  "MS";  2  -  wire  solid,  annealed, 
"MM,"  soft,  copper;  3  ~  wire  oimetallic;  4  -  wire,  steel,  ordinary, 
with  a  copper  content  of  at  least  012%;  5  -  wire  steel,  wrapped  and 
tinned;  6  -  wire,  aluminum,  round  "AT";  7  -  wire,  aluminum,  soft  "AM"; 
8  -  aldrey  (an  aluminum  magnesium  alloy);  9  -  conductor  insulated  with 
PR-380  rubber  insulation;  10  -  OD;  11  -  designed  cross  section. 
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Table  H.VQ 

Basic  data  on  stranded  conductors  used  in  antenna  installation 


St 

un. 

HniiMcno* 

nnmiH 

npoooAon 

B  _ 

o 

V 

C#  X 
u 

<y  • 
o  to 
-  *~l 
A  O 
f.  TO 

3  2. 

X  c 

o  * 
X  x 

£3 

»*- 
0  ? 

e-g. 

5  = 

«  X 

31 

X 

*■  o 

o 

TO 

o 

o. 

c 

o 

r; 

U 

X 

TO 

3 

TO 

O 

Cw 

C  :{ 

e-'1 II 

TO 

V 

K 

°i 

X  a  C 
cu  -  3  . 

*a.s3 

mils 

-G - 

if 

x  a 
o  o. 

°  TO 

§* 

X 

2  n  5 

CO  p  < 

TO 

'< 

*«C 

a 

CO 

■T- 

MNi 

CTauAnpTo*. 

J 

D 

i 

riponoA  mca- 

1.5 

0,52 

7 

1.6 

12,65 

35 

VTUZr-271— 

MU  ft  ailTCll- 

2,5 

0,67 

7 

2.0 

7,6 

35 

43 

iiuft  iiopMa* 

4,0 

0,85 

7 

2.6 

4,76. 

35 

Abllblfl  n A 

6,0 

1,03 

7 

3.1 

3,17 

35 

10 

1.03 

12 

4,3 

1.90 

35 

16 

1,03 

19 

5.2 

1,18 

35 

2 

ripOnOA  MCA- 

1.5 

0.15 

7X12 

1.6 

12,61 

35 

VTUZ^271— 

HUM  (HITCH* 

2,5 

0,20 

7X12 

2.0 

7.6 

35 

43 

ituii  niOKiu'i 

4 

0,32 

7X7 

2.0 

4.76 

35 

riAr 

6 

0,39 

7X7 

3.1 

9.17 

35 

10 

0,51 

7X7 

4.3 

1.90 

35 

3 

n?0D0A  MCA- 

1.5 

0,34 

16 

2 

12,45 

40 

VTUZ-271 — 

HUft  aiiTCH- 

43 

HLifl  naCTC* 

iiwfi  run 

4 

tlponoA 

1.5 

C.2 

7X7 

1.8 

_ 

54 

15 

OST-EI/2- 

fipoinoobiii 

2.5 

0.26 

7X7 

2.3 

— 

56 

2o 

40 

HA  DM 

4.0 

0,32 

7X7 

2.9 

— 

65 

40 

10 

0,51 

7X7 

4.6 

— 

65 

100 

25 

0,49 

7X10 

7,4 

— 

65 

250 

j 

tlponoA 

4 

0,32 

7X7 

2.9 

-*) 

75 

)ST-EL-.2— 

<5p0H30Cbll"l 

10 

0,51 

7X7 

4,6 

75 

100 

40 

nADO 

25 

0,49 

7X19 

7,4 

75 

250 

' 

6 

npoooA 

16 

7 

5,1 

1,96 

16 

44 

GOST-339- 

aaioMiumcDun 

35 

— 

7 

7,5 

0,91 

16 

95 

41 

70 

— 

7 

10,6 

0,45 

16 

190 

120 

n'9 

14,0 

0,27 

t6 

323 

7 

npoooA 

50 

era. i  mi. 

craabii. 

9.8 

— 

— 

190 

CTanca-iJOMH- 

1,1  on. 

7  oa.  6 

HUCDUft 

q  3,25 

12 

70 

iCTOAbH. 

cTaabii. 

11.6 

— 

— 

264 

1,3  AA, 

7  3A.  6 

. 

103,83 

13 

95 

CTa^ktl. 

CTflJlbtl. 

13.5 

— 

— * 

356 

1,8  3A. 

7  3A.  28 

2,08 

See  Table  H.IV.l. 

fCey.  A  —  No.;  B  -  conductor  designation;  C  -  rated  cross  section  of  the 
conductor,  nun  :  D  -  diameter  of  individual  wires,  mm;  E  -  number  of 
wires;  F  -  wire  diameter,  mm;  G  -  electrical  resistance  of  1  km  of 
conductor  at  20°C,  ohms;  H  -  critical  tensile  strength,  kg/mm^;  I  - 
weight  of  1  km,  kg;  J  -  no.  of  standard. 

I  -  conductor,  copper,  antenna,  normal,  PA;  2  -  conductor,  copper, 
antenna,  flexible,  PAG;  3  -  conductor,  copper,  antenna,  braided,  PAP; 

4  -  conductor,  bronze,  PABM;  5  -  conc.ictor,  bronze,  PAEO;  6  -  con¬ 
ductor,  aluminum;  7  -  conductor,  steel-aluminum;  8  -  steel  1.1,  alumi¬ 
num  3*25;  9  -  steel  1.3,  aluminum  3.83;  10-steel  1.8,  aluminum  2.08; 

II  -  steel  7,  aluminum  6;  12  -  steel  7,  aluminum  6;  13  -  steel  7, 

aluminum  28 .  1 


m i.V.2.  Insulators 

(a)  Antenna  insulators 

Insulators,  stick,  armored,  with  slotted  head  (fig.  H.V.la, 
Table  H.V.4).  Material  -  steatite. 


Table  H.V.4 


No 

Type 

insula¬ 

tor 

Dimensions. 

run 

Weight 
*8  . 

A 

B 

C 

D 

E 

F 

G 

1 

IPA-750 

345±7 

3l5i7 

200 

28 

12 

13 

25 

0.65 

2 

IPA-1.5T 

351±7 

321 ±7 

200 

42 

12 

13 

30 

1,15 

3 

IPA-2.5T 

382±7 

340±7 

200 

44 

12 

18 

38 

2,0 

4 

IPA-2.ST 

482±9 

440i9 

300±9 

44 

12 

18 

38 

2.1 

5 

I  PA-1, 5t 

426±l0 

370* 10 

196±6 

48 

12 

18 

42 

2.7 

6 

IPA-4,5t 

526±9 

470±9 

296±1 

48 

12 

18 

42 

3.1  . 

Insulators,  stick,  armored,  with  slotted  head  (fig.  H.V.lb, 
Table  H.V.5).  Material,  steatite. 
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Table  H.7.5 


Type 

insu¬ 

lator 


! _ 1 

A 

B 

C  I 

455 

430 

300 

165 

440 

300 

569 

539ilG39l±,Jl 

359±s 

329 

194 

488 

453 

304 

369- 8 

339 

196 

12 

464i13 

296 

406i8,5 

364 

196 

384±0 

196 

484±IJ 

181 

296 

465 

440 

300 

455* 10 

-130 

300 

6^0 

480 

300 

imensiona,_jnm_ 


HBaiiaBjaB 


44  31  25  25  13  69  7 

52  38  30  25  13  45  8 
30  13 

48  40  25  30  13  0 

05  30  17 

56  52  —  30  30  1  3  0  8 

08  65  GO  30  42  18  0  10 
68  65  60  38  42  '3  0  10 


56  52  38  30  25  13  4  6  8 
48  44  31  25  25  13  60  7 


Insulator,  + — shaped,  armored  (fig.  H.V.lc,  Table  H.V.6). 
Material  -  steatite. 


Table  H.V.6 
A  PaiMcpu,  MM 

j  j 

!  O.  o.  I  D  d , 


§B  «KC 
B  3a 
2 

H*  is* 

is  s-e-x 

ISO.  a.  X  H 


369  j  339  191  369  339  194  56  30  30  13  70  750  3,6 

406  364  f  156  !  370  328  158  68  38  42  13  70  1500  5,3 


Key:  A  -  dimensions,  mm;  B  -  test  voltage,  kv;  C  -  destruction  load 
tensile,  kg;  D  -  weight,  kg. 
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Figure  K.V.lb. 

7 


Figure  H.V.2.  Cruciform  spreader. 

Insulator-condenser  ior  traveling  wave  antenna  BYe  (fig.  H.Y.3,  Table 
). 


Figure  H.V.3 
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Table  H.V.7 


|  Dimensions,  mm 

Type  Materia).  1 

j 

' 

il 

E  C  D  E  F 

1  •  j 

H  K  L 

MNP 

i 

!  i 

Insulator-  _  ,  . 

1  1  i 

1 

.  Porcelain  110 

condenser  j 

30  j  34  j  10  70  00  j 

108!  6  14 

_ I _ 

6  10  12 

V*i?r  ”  • 

fet?te;r- 

S[*  »'v‘ 


(b)  Feeder  insulators 

Insulator,  feeder,  transmitting,  single-wire  (fig.  H.V.4, 

Tabl';  H.V.8)  (Two  of  these  insulators  are  used  to  suspend  a  two-wire  line). 


feeder, 


i( 

- /, 

/£>  \,/?Q 

f~~74g- 
i  'i 

— n - 

i£.'d 

’T-U 


il _ ijl _ IjJLt- 

Figure  H.V.4. 

Table  H.V.8. 


i__ _ Dimensions,  ram 

i  !  !  !  "  I  I  ! 


A  B  I  C  I  D  1  E  |  F  |  K  |-K  I  L 

l 


single-  150  ^  ^  s  30  j  13  25  13  7  DO” 

wire _ . _ _ 1 _ 


Material 


Porcelain 


it* 


Insulator,  feeder,  receiving,  bar  (fig.  H.V.5,  Table  H->V:9), 

,  RPT^Fl  TEn* 


h  :  k 


Figure  H.V.5. 


Table  H.V.9 


Dimensio; 


Type  ABCDEFHKM  Matarial 


Feeder,  | 

bar  63  22  16  5  16  7  15  33  |  15  Porcelain 


Insulator,  feeder,  receivinQ,  four-wire  (fig.  H.V.6,  Table  H.V.IO). 


4.  LLP 


.1  |  I 

I.  ?  ;  t 


o  -p-l 


Figure  H.V.6. 


Table  H.V.IO 


Dimensions,  nun 


Weight 


<1 

Type  A  B  C  D  E  F  H  K  I.  M  (aPPr*)»  Material 

kg 


Feeder,  fourf 1  89  a  40  35  3  10  34  14  0.320  i Porcelain 


1 


r 
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Insulators,  feeder,  partition  (fig.  H.V.7,  Table  H.V.ll). 


Table  H.V.ll 


Type 

• 

Dimensions 

,  mm 

Vf  eight, 
(appr.‘ 

kg 

Mate¬ 

rial 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

PR-1 

42 

10 

5 

8 

30 

16 

22 

32 

42 

6 

9 

0.044 

por- 

PR-2 

60 

15 

6 

12 

42 

22 

32 

45 

60 

12 

17 

0,180 

ce- 

PP.-v3 

75 

20 

7 

16 

•52 

23 

■14 

53 

74 

14 

20 

0.245 

lain 

PR-4 

90 

25 

3 

13 

53 

35 

56 

70 

86 

16 

21 

0.380 

PR^5 

160 

33 

12 

20 

90 

60 

90 

125 

155 

30 

40 

1.900 

• 

(c)  Rigging  insulators 

Insulators,  rigging,  saddle  (fig.  K.V.8,  Table  H.V.12). 


Figure  H.V.8. 
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I 

I  . 


kA-OOo-do 
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Table  H.V.12 


Type 

Dimensions,  mi 

a  o 

2  £  5 

S  K  * 

o  o.  . 
•oca 
<3  ea  s 
0.  x  X 

k  a. 
ac  x 

ro  eg 

«  x 

<*> 

>» 

A  O. 
r  t. 

1*  3 
a  < 

<6x 

1-1- 

A 

B 

C 

D 

ii 

F 

G 

O  C 

><  5 

U  x  x 

>.=  2 
S«  - 
S  3 

«o  eg 

'-'.a  * 
a  X 
a  x 

CO  1 

RCA— 3 

93 

81 

18 

27 

7 

12 

32/3-1 

T 

3 

2 

30 

"3 

6.50 

4 

6-8 

5 

0.383 

RCA- -6 

129 

106 

25 

35 

0 

16 

46/48 

6 

43 

15,00 

8-12 

0.850 

RCA- -II 

152 

122 

30 

38 

9. 

18 

54/58 

10 

55 

23.00 

10-10 

1,310 

Keys  1  -  operating  voltage,  kv,  2  -  dry  discharge  voltage,  kv, 

3  -  permissible  load,  kg,  4  -  wire  cable  diameter,  mm; 

5  ■■  weight  (approximate),  kg;  6  -  material;  7  -  porcelain. 


The  voltages  indicated  are  for  50  hertz  AC. 


Insulators,  rigging,  type  IT  (fig.  H.V.9;  Table  H.V.13). 


Figure  H.V.9. 
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• 

n 
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« 

• 

*• 

f 
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• 

Ll 

j 

Paopaa  no  cn 

section  through 

CD 


Table  H.V.13 


i 

Tun 

2 

Paiiicpu 

MM 

3P.13pHA»OC 
iiniip«>KC!mc 
npn  50  ai 

K3 

*3 

Pn3py- 

uiatou(«iH 

iiarpyaxa 

m 

7 

CpCAHHH 
DOC  H30- 

/iBTopa 

tu 

8 

IllSMCTpU 

TpOCOD 

(npn6sii- 

WCHIIO) 

MM 

”9 

MaTc- 

pua.i 

A 

B  i 

i 

\ 

cyxoe 

5$ox* 

poc 

IT-1 

100 

I  Go 

15 

6 

2.8  ; 

0,345 

6-8 

10 

<J>ap4»p 

IT-2 

136 

95 

35 

12 

4.1 

0,753 

9.5 

< 

IT-3 

155 

105 

35 

12 

6,8 

1,523 

12,5 

1 

IT-4 

170 

120 

35 

12 

13,0 

2.300 

15-17 

€ 

IT-S 

175 

130 

40 

15 

18,5 

3.020 

IS— 21 

< 

1  -  type;  2  -  diraensioi  ,  mm;  3  -  discharge  voltage  at  50  hertz, 
kv;  4  -  dry;  5  -  wet;  6  -  destructive  load,  tons;  7  -  average 
insulator  weight,  kg;  8  -  wire  cable  diameter  (approximate), 
mm  -  9  -  material;  10  -  porcelain. 


Key: 
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Insulator,  egg  (fig.  K.V.IO,  Table  H.V.14). 


Figure  H.V.IO. 


Table  H.V.14 


Type 

Tim 

Dimensions,  mm 

Paopyuia* 

JOIHCC 

yciuwc, 

i» 

/Iiiaucrp 

npouoAO, 

MM 

o 

Material 

A 

a 

c 

D 

I 

E 

lAL-5 

1  40 

28 

13 

28 

6 

350 

up  to 

5  mm 

j  Porce- 
|  lain 

J 

Key:  1  -  destructive  force,  kg;  2  -  conductor  diameter,  mm. 


H.VT. 


Sine  and  cosine  integrals 


Sine  integral 


Cosine  integral 


X 


*  i 


(H.YT.l) 


si(x)  and  ci(x)  can  be  expanded  into  the  following  series 


I  A* 


ui  (x)  =»  x  —  —  •  ■ —  -f.  — •  . — _ 

'  3  ai  *  s  «;•  ’  *  • 

ci  (*)  <=  E  +  In* —  • 

£  is  Euler's  constant, 


3!  '  5  5 : 

I  x*  .  :  x* 


2  21 


4  4! 


(H.VX.2) 


E  =  0.57721-56649... 
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.w***^>i  -  - 


For  large  values,  the  argument  for  the  series  at 
slowly  and  in  such  case  the  following,  semiconverging 


(H.VI.2)  will  converge 
series  must  be  used: 


...  "  cos*  /  2!  41 

1,w“T-Tr7+7- 

sim.  /  1  31  5I_ 

T  \  x  ~  x*  +  x*  ~  ‘ 
...  sin  xf  21  4! 

c  csx  I  1  31  SI 

'  X  \  X  X?  *  X* 


•••) 

•) 


(H.VI.3) 


l 


The  terms  in  these  series  decrease  at  first,  but  then  increase  to 
infinity. 

When  these  series  are  used  it  must  be  borne  in  mind  that  the  absolute 
error  will  always  be  less  than  the  first  discarded  term.  Consequently, 
the  accuracy  of  the  computation  made  using  the  semiconverging  series  can 
be  defined  by  the  minimum  term  in  this  series,  directly  ahead  of  which  the 
summing  must  be  stopped  in  order  to  obtain  the  greatest  possible  accuracy 
in  the  result. 

In  the  tables  that  follow  the  functions  have  been  given  with  an  accuracy 
of  within  0.001.  The  argument  is  expressed  in  parts  of  a  circle  (in 
2rr  parts). 


w 

ra-(Y>R-68 

Table  H.VI.l 

Sine  and  Cosine  Integrals 


X 

si  2s.i 

A 

ci  2 r.x  | 

1 

A 

X 

I 

si  2m  | 

4  1 

ci  2m 

A 

0,000 

0,000 

6 

—  CO 

uo 

0.015 

M),28l 

7 

-0.706 

21 

0,001 

f 0,006; 

7 

—4,493 

693 

0,046 

0,288 

C 

1-0,085 

21 

0,002 

0,013 

6 

—3,800 

406 

0,047 

0,291 

6 

•— o,m 

20 

0,003 

0,0191 

6 

-3,391 

287 

0,018 

0,300 

7 

—0,644 

20 

0,001 

0,025] 

6 

—3,107 

224 

0,049 

0,307 

6 

—0,624 

19 

0,005 

0,031 

7 

-2,883 

182 

0,050 

0  313 

6 

—0,005 

19 

0,006 

0.033' 

6 

—2,701 

151 

0,05! 

0.319 

6 

—0,586 

18 

0,007 

0.011 

6 

—2.547 

133 

0,052 

0,325 

6 

—0,568 

18 

0,008 

0,030 

6 

—2,414 

118 

0,053 

0.331 

6 

-0.550 

18 

0,009 

0,056 

7 

—2,296 

105 

0.C54 

0,337 

6 

—0,532 

17 

0,010 

0,063 

6 

—2.191 

95 

0,055 

0.343 

7 

—0.515 

17 

0,011 

0,069 

6 

—2,095 

87 

0,036 

0,350 

6 

—0,498 

16 

0,012 

0,075 

7 

—2.099 

80 

0,057 

0.356 

6 

—0,482 

17 

0,013 

0,082 

6 

—1 .929 

73 

0.05S 

0.362 

6 

—0,465 

16 

0,01-1  ! 

0.0S3 

6 

—1 .856 

69 

0,059 

0,368 

6 

—0,449 

IS 

0,015 

0,09! 

6 

—1 .787 

64 

0,060 

0,374 

6 

-0,431 

16 

0,016 

0,100 

7 

—1,723 

Cl 

0,061 

0,380 

6 

—0,413 

15 

0,017 

0,107 

6 

—1,662 

57 

0,062 

0,386 

7 

—0,403 

15 

0.018 

0.113 

6 

—1 .605 

53 

0,063 

0,398 

6 

-0.388 

14 

0,019 

0,119 

7 

-1,552 

51 

0,061 

0.399 

6 

-0,374 

11 

0,020 

0.126 

6 

—1 .501 

49 

0,065 

0,405 

6 

-0,369 

14 

0,02! 

0,132 

6 

—1 ,432 

46 

0,066 

0,411 

6 

— 0,316 

14 

0,022 

0.138 

6 

— 1.4C6 

44 

0,067 

0,417 

6 

— 0»332 

14 

0,023 

0.1-11 

7 

—1,362 

42 

0.06S 

0.423 

6 

—0,318 

13 

0.024 

0,151 

5 

—1 .320 

40 

0.069 

0,429 

6 

—0.305 

13 

0,025 

0,157 

6 

—1,280 

39 

0,070 

0,435 

6 

-0,292 

13 

0,026 

0,163 

6 

—1,241 

37 

0,07! 

0.441 

6 

-0,279 

12 

0,027 

0,169 

7 

—1,204 

36 

0,072 

0.447 

6 

-0.267 

13 

0,028 

0,176 

6 

— I.1G8- 

34 

0.07C 

0.453 

6 

-0.254 

12 

0,029 

0,182 

6 

—1,134 

34 

0,07- 

0.459 

6 

—0,212 

12 

0,030 

0.1SS1  6 

—1,100 

32 

0,07; 

0,465 

7 

-0,230 

12 

0,031 

0, 19l|  7 

—1 .068 

31 

0.07C 

0,472 

6 

-0,218 

11 

0,032 

0,201  6 

—1 .037 

30 

o.o  r 

0,478 

6 

—0,207 

12 

0,033 

0,20' 

5 

—i  ;oo7 

29 

0,071 

0,484 

6 

—0,195 

11 

0,034 

0.213 

6 

-0,978 

29 

0,07' 

0.490 

6 

—0,184 

1! 

0,035 

0.21: 

7 

—0.949 

27 

0,08( 

0,496 

6 

—0,173 

11 

0,036 

0,22; 

6 

—0,922 

27 

0,03 

0,502 

6 

—0.162 

10 

0.037 

0,23' 

6 

-0,895 

26 

0,08' 

0,508 

6 

-0,152 

11 

0,033 

0,23, 

G 

-0,869 

25 

0,03 

0,511 

6 

-0,141 

10 

0,039 

0,21 

7 

-0,844 

24 

0,08 

0,520 

6 

-0,131 

10 

0.040 

0,25 

6 

-0,820 

24 

0,08 

0,523 

6 

-0,12! 

10 

0,041 

0,257  6 

-0,796 

24 

0,0S 

0,532 

6 

—0,111 

10 

0,042 

0,263  6 

-0,772 

22 

0,08 

0,538 

1  6 

—0,101 

10 

0,043 

0,269  6 

-0,750 

22 

0,08 

0,544 

6 

-0,091 

10 

0.044 

0,27 

5  6 

--0,723 

22 

0,08 

3  3,550 

6 

-0,081 

9 

0,045 

+0.23 

-0,706 

0,09 

3  +0.556 

-0,072 

* 

10 
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(continued) 


X 

si  2r„i 

A 

ci  2nx 

A 

X 

si  2r.v 

A 

ci  2 r.x 

A 

0,080 

+0,556 

5 

-0,072 

1 

10 

0,135 

+0,815 

G 

+0,238 

5 

0 .09' 

0,561 

6 

-0,062 

9 

0,136 

'  0,821 

5 

+0,213 

5 

0,092 

0,567 

6 

-0,053 

9 

0,137 

0,826 

6 

+0,248 

4 

0,083 

0,572 

6 

—0,014 

9 

0,138 

0,832 

5 

+0,252 

5 

0,091 

0,579 

6 

—0,035 

8 

0,139 

0,137 

6 

+0,257 

5 

0.095 

0,585 

6 

—0,027 

9 

0.140 

0,813 

5 

+0.262 

4 

0,096 

0,591 

6 

-0,018 

8 

0,1 11 

0,818 

6 

+  0.266 

5 

0,097 

0,597 

6 

-0,010 

9 

0,142 

0,851 

5 

+0.271 

4 

0,098 

0,603 

6 

-0,001 

8 

0,143 

0,859 

6 

+0,275 

4 

0,099 

0.609 

6 

+0,007 

8 

0,141 

0,865 

5 

1-0,279 

5 

0,100 

0,615 

6 

+0,015 

8 

0,145 

0,8/0 

5 

-10.284 

4 

0,101 

0.621 

5 

+0,023 

8 

0,146 

0,876 

6 

+0,288 

4 

0,102 

0,626 

6 

+0,031 

8 

0,147 

0.881 

5 

+0,292 

4 

0,103 

0,632 

6 

+0,039 

8 

0,118 

0,885 

6 

+0,296 

4 

0,104 

0.638 

6 

+0,017 

7 

0,149 

0,892 

5 

+0,300 

4 

0  105 

0,614 

6 

+0,051 

8 

0,150 

0,897 

6 

+0,304 

■  4 

0,106 

0,650 

6 

+0,062 

7 

0,151 

0,903 

5 

+0,308 

4 

0.107 

0,656 

5 

+0,069 

8 

0,152 

0,908 

5 

+0.312 

3 

0,108 

0,661 

6 

+0,077 

7 

0.103 

0,913 

6 

+0,315 

4 

0,109 

0,667 

6 

+0,084 

7 

0,151 

0,919 

5 

+0.319 

4 

0,110 

0,673 

6 

+0,091 

7 

0,155 

0,924 

5 

+0,323 

3 

0,111 

0,679 

6 

+0,098 

7 

0,156 

0,929 

6 

1-0.326 

.  4 

0,112 

0.685 

5 

+0,105 

6 

0,157 

0.935 

5 

+0.330 

3 

0,113 

0,690 

6 

+0,111 

7 

0,158 

0.940 

5 

+0.333 

4 

0,114 

0.696 

6 

+0,118 

7 

0,159 

0,915 

6 

+0.337 

3 

0.115 

0,702 

6 

+0,123 

6 

0,  .60 

0.951 

5 

+0.310 

4 

0,115 

0.70S 

5 

+0,131 

G 

0,161 

0.956 

5 

+0.314 

3 

0,117 

0,713 

6 

+0,137 

7 

0,162 

0.961 

5 

+0.317 

3 

0,118 

,0.719 

6 

+0,144 

6 

0,163 

0,966 

6 

+0.350 

3 

0,119 

0,725 

6 

+0, 150 

6 

0,164 

0,972 

5 

+0.353 

3 

0,120 

6.731 

5 

+0,156 

6 

0,165 

0,977 

5 

4*0,356 

■  3 

0,121 

0,736 

6 

+0,162 

£ 

0,166 

0,982 

5 

+0.359 

3 

0,122 

0,742 

6 

+0,168 

6 

0,167 

0,987 

5 

-1-0,362 

3 

0,123 

0,748 

6 

+0,174 

6 

0,i68 

0,992 

6 

1-0,365 

3 

0,121 

0.753 

6. 

+0,180 

5 

0,169 

0,998 

5 

+0,368 

0,125 

0,759 

6 

+0,185 

6 

0,170 

1,003 

5 

+0.371 

3 

0,126 

0,765 

5 

+0,191 

6 

0,171 

1,008 

5 

+0,371 

3 

0,127 

0,770 

6 

+0,197 

5 

0,172 

1 ,013 

5 

+0,377 

2 

0,128 

0,776 

6 

+0,202 

5 

0,173 

1,018 

5 

+0,379 

3 

0.129 

0,782 

5 

+0,207 

6 

0.171 

1 ,023 

5 

+0.382 

3 

0,130 

0,787 

6 

+0,213 

5 

0,175 

1,028 

5 

+0,385 

2 

0,131 

0,793 

5 

+0,218 

5 

0,176 

1,033 

5 

+0,387 

3 

0,132 

0.798 

6 

+0,223 

5 

0,177 

1.038 

6 

+0.390 

2 

0,133 

0,804 

5 

+0,228 

5 

0,178 

1 .044 

5 

+0,392 

3 

0.134 

0,135 

0,809 

+0,815 

6 

+0,233 

+0,238 

5 

0,179 

0,180 

1,049 
+  1,054 

5 

+0,395 

+0,397 

•2 
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(continued) 


X 

si  2x.v  | 

1 

A  | 

i 

ci  2ft.v  | 

A  | 

JC 

si  2f.  ’ 

A, 

ci  2iue 

A 

\ 

0,270 

+  1.4  IS 

3 

+0.467 

! 

0 

1 

1 

0,315 

+1,596 

3 

-r-Q.427 

1 

4 

0,271 

1,151 

4 

+0,467 

1 

0,316 

1,599 

3 

+0,426 

l 

0,272 

1 ,455 

3 

+0.463 

0 

0,317 

1,602 

3 

+0,  |25 

2 

0.273 

1.45S 

4 

+0,466 

1 

0,318 

1,605 

2. 

+0,423 

1 

0,274 

1,462 

4 

-£-0,46*) 

0 

0,319 

1,607 

3 

+0,422 

1 

0.27S 

1 ,466 

3 

+0,465 

1 

0,320 

1,010 

3 

+0,421 

2  . 

0,276 

1,469 

4 

+0,464 

1 ' 

0.321 

1,613 

3 

+0,419 

1 

0,277 

1,473 

3 

+0,463 

0 

0,322 

1 ,616 

3 

+0.418 

1 

0.278 

1,476 

4 

+0,463 

1 

0,323 

1,619 

2 

-f  0.417 

2 

0,279 

1.480 

3 

+0,462 

0 

0,321 

1,621 

3 

1 

O.2S0 

1,483 

4 

+0,462 

1 

0.325 

1.624 

3 

+0,414 

1 

0,281 

1 ,437 

3 

+0,461 

1 

0,326 

1,627 

3 

+0,413 

0,282 

1,490 

4 

4-0,450 

1 

0,327 

1,630 

2 

+0,411 

1 

0,283 

1 ,491 

3 

+0,459 

0 

0,328 

1,632 

3 

+0,410 

2 

0,284 

1,497 

4 

+0,459 

1 

0,329 

1,635 

3 

+0,408 

I 

0,285 

1,501 

3 

+0,458 

1 

0,330 

1,638 

2 

+0.407 

2 

0,236 

I-.501 

4 

+0  457 

1 

0,331 

1,610 

3 

+0,405 

1 

0,287 

1 ,503 

3 

+0,456 

0 

0,332 

1,613 

3 

+0,404 

2 

0.2S8 

1.511 

3 

4*0.456 

1 

0,333 

1,646 

2 

+0,402 

i 

0.2S9 

1,514 

4 

+0  455 

1 

0,334 

1 ,648 

3 

+0,401 

2 

0,290 

1,518 

3 

+0,451 

1 

0,335 

1,651 

2 

+0,399 

1 

0,291 

1,521 

3 

+0,453 

1 

0,336 
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H.VII.  Diagrams  for  determining  input  impedance 

The  practical  work  involved  in  the  antenna  field  often  involves  computing 
the  input  impedances  of  lines  loaded  with  known  resistances.  Despite  the 
simplicity  of  these  computations  they  are  extremely  cumbersome  and  difficult 
to  do. 

Figure  H.VII.l  contains  a  diagram  which  can  be  used  to  compute  the  in¬ 
put  impedance  if  a  lossless  line  is  loaded  by  any  complex  impedance. 

Without  dwelling  on  the  theory  behind  these  diagrams,  we  will  limit 
ourselves  to  an  explanation  of  the  rules  for  using  them.  The  explanation  of 
how  the  diagrams  are  used  will  be  made  by  using  concrete  examples  of  the 
computation. 

Example  1 

Given  is  a  line  with  the  following  data: 

(l)  characteristic  impedance,  W  =  600  ohms; 

(2;  line  length,  1  =  0.3  X* 

(3)  load  impedance  is 

Z  =  R  +  iX  =  (36O  +  i36o)  ohms. 

Find  the  input  impedance. 

(1)  We  find 

Z'  =  Z/W  =  R'  +  iX'  »  0.5  +  i0.6. 

(2)  We  find  on  the  diagram  that  point,  corresponding  to  the  above 
values  for  P.'  and  X'. 

On  the  diagram  the  various  values  of  R'  =  R/W  correspond  to  the  various 
solid  line  circles  with  centers  on  the  vertical  axis. 

The  various  values  of  X'  a  x/W  correspond  to  the  arcs  of  circles  also 
drawn  in  solid  lines.  The  centers  of  the  circles  of  which  these  arcs  are 
parts  are  outside  the  diagram  in  Figure  H.VII.l.  The  right-hand  system  of 
arcs  has  positive  X'  values,  the  left-hand  system  negative  X'-  values. 

lne  point  corresponding  to  the  circle  for  R*  =  0'.5  and  the  arc  for 
X'  =  0.6,  that  is,  the  point  of  intersection  of  the  circle  for  R'  =  0.5  end 
the  arc  for  X1  =  0.6,  is  designated  by  the  figure  1*  in  Figure  H.VII.l. 

(3)  Let  us  draw  a  straight  line  l~l'-2'  passing  through  point  1', 
which  we  have  found,  and  point  1  on  vertical  axis  ab. 

(4)  We  determine  on  the  circular  scale  designated  "length  (wave¬ 
length)"  the  magnitude  corresponding  to  the  line  1-1' -2* »  In  our  case 
this  magnitude  equals  0.0995* 

(5)  We  read  the  magnitude  equal  to  \/\  from  the  point  found  on 
the  "length"  scale.  In  this  case  this  magnitude  equals  0.3,  and  ve  find  the 
value  0.0995  +  0.3  =  0.3998  on  the  "length"  scale. 
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(6)  We  draw  a  line  connecting  point  1  on  the  vertical  axis  ab 
with  the  point  we  have  found  (the  line  1-3' )» 

(7)  The  sought-for 'value  of  the  input  impedance  is  determined  by 
the  point  of  intersection  of  line  1-3*  and  the  circle  with  center  at  point  1 
on  the  vertical  axis  ab  and  the  radius  1-1*. 

A  series  of  dotted  circles  with  their  centers  at  point  1  are  drawn  in 
in  Figure  H.V1I.1.  In  the  case  specified  not  one  of  the  dotted  circles 
passes  through  the  point  1 ' Point  1'  lies  between  the  dotted  circles 
which  intersect  the  ab  axis  at  points  2,  6,  and  3- 

The  circle  with  its  center  at  point  1  on  the  ab  axis  and  radius  1-1'  inter¬ 
sects  the  line  1-3*  at  point  4'.  Point  4*  corresponds  to  the  numerical 
values  R'^  =  0.505  and  X'^  =  -0.604.  The  sought-for  impedance  equals 

Z.  =  (R»  +  iX',)W  =  (0,505  -  i  0.604)  600  «  (303  -  i  362.4)  ohms. 

xn  1  1 

Example  2 

Find  the  input  impedance  of  a  line  with  the  following  data: 

(1)  W  =  200  ohms; 

(2)  1  =  0.6  A; 

(3)  load  impedance  Z  =  (360  -  i  400)  ohms. 

So. ution 

(1)  We  determine 

Z'  =  R'  +  iX*  =  Z/W  =  1.8  -  i2. 

(2)  We  find  the  point  corresponding  to 

R'  =  R/W  =  1.8  and  X'  =  X/W  =>  -2 

on  the  diagram. 

This  oint  is  designated  by  the  number  1"  in  Figure  H.VII.l. 

(3)  We  draw  the  line  1A1"  to  the  intersection  with  the  "length 
(wavelength)"  scale  (the  line  1-1 "-2"). 

This  line  intersects  the  scale  at  the  point  0.2946. 

(4)  We  add  the  magnitude  \/\  to  the  value  found  on  the  "length" 
scale.  Since  the  line's  input  impedance  does  not  change  when  it  is  shortened, 
or  lengthened,  by  the  integer  0.5  A,  we  can,  in  the  case  specified,  take  it 
that  the  line  length  is  equal  to  0.6  A  -  0.5  A  •  0.1  X* 

Adding  0.1  to  the  value  0.2946  we  have  found,  we  obtain  the  point 
0.3946  on  the  "length"  scale. 

(5)  We  draw  the  line  1-3"  passing  through  point  1  on  the  ab  axis 
and  the  point  corresponding  to  the  value  0.3946  on  the  circular  "length" 
dicile. 


'4% 

A  * 


(6)  Using  the  ra<Jius  equal  to  1-1",  we  inscribe  a  circle  with  its 
center  at  point  1.  The-  intersei.  •>n  of  this  circle  with  the  line  1-3" 

(point  4")  yields  the  values 

R'j  «  0.33  and  X'j  »  -0.735> 

( 

The  sought-for  input  impedance  equals 

Z.  »  (0.35  -  i0.735)V  »  (70  -  il47)  ohms. 
in 

Similar  diagrams  can  also  be  used  to  compute  Z^  for  a  line  in  which 
attenuation  is  present.  • 
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